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e humans havealways been fascinated by our world, 
W and over hundreds of thousands of years we've built 
upa body of knowledge about the thingsaroundus, 
so we know what theyare, how they work, how they interact, 
and whatthe processes are underlying everything from the 
patterns birds make when they fly in formation to the forcesthat 
hold usall on the ground. Thisis science, and it is one of the most 
inspiringand vast voyages that mankind has ever made. 
Thissecond revised edition of the How It Works Book of Junior 
Science has been jam-packed full of themost amazing things 
about our planet, our bodies, the animals we share the world 
with, and thescience supporting itall. It's been written to feed 
young minds with the incredible stories behind supervolcanoes 
and moonquakes, magnetism, deep sea creaturesand the cells 


inyour body, and to inspire the next generation ofscientists to 
continue exploring, as there isstill so much to discover. 
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Amazing chemistry 
Earth's most awe-inspiring chemicaland 
physical reactionsat anatomic level 


Atoms 
The particles inside all matter, from your 
fingertips to Halley's comet 


Nuclear reactors 
See theglowing radiation inside the core of 
anuclear power plant 


Building demolition 
Howare big buildings brought down to 
the ground? 


Explosives 
The elements of explosions, both 
man-madeandnatural 
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The science of fire 
Find out whata fire needs to survive, and 
why fireworksglow different colours 


How do noble gases work? 
What these mostly unreactive gasesare 
used for in oureverday lives 


Acids and bases 
Howare thesetwo differentand what do 
weusethem for? 


What is condensation? 
Discover what happens when your breath 
condenses up ona window 


Evaporation and steam 
What's the difference between them, and 
how do they work? 


39 


Whatare 
batteries? 


~p2i 


States of matter 
Whatare solids, liquids, gases and 
plasma, and how do they change? 


Superconductors 
Theultimate metal conductors of charge, 
which workata frosty-260°C 


Physics of football 
Discover the science behind taking the 
periect free kick 


Water slides 
Funbutalso fascinating trips 
down gravity’swell 


Whirlpools 
Howswirlingwater can be 
extremely dangerous 
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Learn about some of 
chemical and physica 


Chemistry isa fascinating 
subject. The way atoms behave 
determines everything from the 
food we eat and the clothes we 
wear, to our genetic makeup and 
how we feel. The beautiful simplicity of the 
periodic table describes just 118 elements that 
form every known material - 98 if you 
discount those that can only exist ina 
laboratory. These elements react in a variety of 
ways, forming hundreds of millions of 
compounds - two or more elements bonded 
together - giving us the diversity of materials 
that make up our world. 
Some reactions are physical, not chemical, 
and the way to tell is whether or not there has 


Earths most awe-inspiring 
reactions at an atomic level 


been a change in the chemical formula. 
Melting ice is a physical change because water 
is the same substance as ice, justin a different 
state of matter. Burning coal, on the other 
hand, is a chemical change, as coal and 
oxygen combine to make carbon monoxide -a 
chemically unique material. A chemical 
reaction drives the change of one substance 
into another and the reactions are generally 
identified by colour changes orarelease of 
energy - often in the form of heat, light and 
sound: the ingredients of an explosion. 

Itis impossible to cover the astonishing 
range of chemical reactions that happen in our 
universe in one article, so we've picked the 
standout ones which have dramatic results. © 


Distinguishing between physical and chemical reactionsis one thing, yet 
chemists have identified five common ways that chemical changes can be broken 
down further. These are: synthesis, decomposition, single replacement, double 


replacement and oxidation/reduction (redox) 


Synthesis. 

Asynthesis reaction occurs 
when twoormore chemical 
elementsor compounds react 
together tomakea more 
complicated compound. For 
example-burning hydrogen 
(H2)and oxygen (02)gas forms 
themorecomplexwater 
molecule(H20). 


Decomposition 
Decomposition isthe breaking 
down of two ormore complex 
molecules intosimpler ones. 
Passinganelectriccurrent 
through water {#20}, resultsin 
the decomposition’ ofthe 
water molecule into its basic 
elements: hydrogen (H.) gas 


distinctwaysin which they behave. 


Single replacement 
When oneelementis bumped by 
another ina compound, it'sa 
singlereplacementreaction. 
Reactionswith metalsandacids 
often fallinto this group. 
Magnesium (Mg)and 
hydrochloricacid HCl) react to 
form magnesium chloride(MgCla) 
and hydrogen (H2), where Mg 


Double replacement 
Insome cases, compounds‘swap’ 
theircomponents-thisiscalled 
adoublereplacement reaction. For 
example, hydrochloricacid (HCl)and 
sodium hydroxide (NaOH) react 
together, producing sodium chloride 
(NaCl) and water(H20). In this 
reaction, the hydrogenand sodium 
atoms have switched places. 


Some reactions can exhibit characteristics of more than one of these labelsand 
don’t fitneatly into category, asall chemical reactionsare caused by the sharing, 
gaining or losingof electrons. However it’s helpful to categorise reactionsby the 


Redox 

Oxidation and reduction jieredox 
reactions) describea chemical 
changewhereelectronsare 
transferred. Youcan’thave 
oxidation (loss of electrons) 
without reduction (gainof 
electrons), When H2 burns with 
02, the H2 becomes oxidised and 
the O2.is reduced. 


and oxygen (0,) gas. 
2 replacesH2. 
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Thermite reaction 
RRIBMRW 


EXinnature Hintab Edathome EB toxic 


Thermite isaVery cool -Well, hot-reaction 
that consists of metal powder anda metal 
‘oxide (most of aluminium andiron 
oxide; the latter more commonly known 
asrust: The characteristics of thermite 
reactions are not so much explosive; rather 
it’s their ability to heat very smallareas to 
incredibly high temperatures where the 
excel. You maynot think ofmetalsas 
burning very easily, butinthe ri 
conditions-and very high ignition 
temperatures - they can. 


Fahrenheit) canbe reached. Due to the 
blazing heat, products of thermite 
feactions are liquid, making them perfect 
for welding. Asthermitereactions have 
their own supply of oxygen from the metal 
oxide they can work éven in the absence of 
air, such as underwater and in spac 
Aluminiumand iron oxide are he: 
often with magnesium ribbonasa fus 
and oxygen from the iron oxide breaks its 
bondto combine with the aluminium to 
form aluminium oxideandiron. Special 
‘Thermite reactionsare used forwelding face masks with UV protection must be 
traintracks togetherand temperaturesas "wornforsafety when weldingdue to the 
highas2,soodegrees Celsius (4,532degrees * intenseradiation. 


Deadlines: & 
Ingredients: Copper sulphate pentahydrate (CuSO4*sH20); 
water (H20) Core process: Crystallisation 


Innature Jin lab 


*(But take care as copper sulphate can be a mild irritant) 
Whatit lacks in explosive power, copper sulphate more than 
makes up for ints looks, creating brilliant blue crystals when 
its hydrated form is dissolved in hot water. Copper sulphate is 
atype of salt, and is most commonly encountered asa powder 
- copper sulphate pentahydrate (CuS04*5H20). This isa way 
of expressing five water moleculesareattached to the copper 
sulphate molecule; it is hydrated. For crystals to form, copper 
sulphate pentahydrate is added to hotwater to the point 
where no more can dissolve. This is called a saturated 
solution, anda hotter solution can dissolve more copper 
sulphate thana colder one. When the solution starts to cool, 
notall of the copper sulphate can exist ina dissolved state, so 
molecules gather ina repeating pattern, forming crystals. 
Thisisa physical changeas the material isaltering its 
structurerather than its makeup. Suspending a nylon wire in 
the solution givesasurface for the crystals to latch on toand 
grow. Eventually the water evaporates, but copper sulphate 
can't, so continues crystallising until no water is left. 


|Athome* EZ) Toxic 
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Deadliness: RRK 


Ingredients: Hydrogen (Ha); oxygen (02) 


Core process: Redox 


(4linnature LTintab BSathome 


4) Toxic 


Hydrogen (Ha) isthe lightest, 
most abundantelementin the 
universe, yet it’s also one of 
the most flammable. 
Hydrogen is quick to burnin 
the presence of oxygen (02) 
and can be very explosive. 
This powerfulstuffis even 
used as the primary fuel for 
combustion when launching 
space shuttles, When 
hydrogen burns, large 
quantities of heat and lightare 
given off. The light emitted 
when pure hydrogenand 
oxygen react is mainly 
ultraviolet, making the flame 
almost invisible - however, 
there are often other materials 
present, creating avisible 


flame. Wateris the waste 
product ofhydrogen 
combustion, since oxygen and 
hydrogen are the two 
ingredients in water. 
Combustion of liquid 
hydrogen and oxygen is used 
to launch rockets -so itis 
water vapour, not smoke, 
which you see coming from 
theexhaust duringa takeoff. 
Scientistsare working on 
using hydrogen combustion to 
power carsand other Fuel tank 
machines. The difficulty is the Oxidisertank 
large amount ofinitialenergy = Pump 
needed to get the reaction 
going. Itrequires far more 
energy to getstarted than, say, 
traditional fossil fuels. 


Igniter/nozzle 
Combustion 
chamber 


Deadliness: RRK 


Ingredients: Magnesium (Mg); Teflon (|C2F4}n) 
Core process: Redox 


Binnature Diniab Bathome Broxic 


Magnesium (Mg) isa highly reactive element which burnsat 
astaggering 3,100 degrees Celsius (5,612 degrees Fahrenheit), 
giving offan intense white light. In addition to visible light, 
magnesium emits infrared (IR) when burned, making it 
perfect foruse in military countermeasures suchas decoy 
flares. Likeall things, magnesium needs to be in the presence 
ofan oxidiser when it burns - a material which takes 
electrons from the fuel allowing the reaction to occur. Flares 
aremade of Teflon ((C2F4]n) and magnesium, andit’s the 
fluorine in Teflon that oxidises magnesium. Fluorine isa 
stronger oxidiser than oxygen, as it wants to accept electrons 
more than oxygen, allowing fora higher temperature of 
combustion. Heat-seeking missiles lock on to infrared light 
given off by enginesin aircraft, but magnesium decoy flares 
throw out far more !R light than aeroplane engines, 
effectively confusing the missiles’ heat-seekingguidance 
systems and hopefully deterring the weapon from its target. 
Amagnesium fire cannot be extinguished with water, 
since the magnesium reacts with water to produce hydrogen 
gas which ifanything will only intensify the fire. Instead, 
dry sand is generally used tostop the reaction. Other uses of 
magnesium have beenasanillumination source in flash 
photography and in fireworks. 


Sodium acetate supersaturation 


Deadlines: % 


Ingredients: Sodium acetate (NaC2H302); water (H20) Core process: Crystallisation 
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“(But take care as sodium acetate can be a mild irritant) 
Sodiumacetate (NaC2H302) heated in water then cooled 
has the unusual property of crystallising intoa solid 
whenitis disturbed. Itcan be poured out ofa beakerasa 
liquid and, upon hittinga surface, becomesa solid thatis 
hot to touch -henceits other name, hot ice. Sodium 
acetate is a salt which dissolves in water. Heating -to 
around 100 degrees Celsius (212 degrees Fahrenheit) -then 
coolinga mixture of the two allows more sodium acetate 
to dissolve forminga supersaturated solution. The 
solution exists ina metastable state, likea ball perchedat 


the top ofa hill, where it will roll down with theslightest 
nudge. The nudge can be pouring thesolution, oraddinga 
seed crystal, causing the dissolved sodium acetate to 
leave the solution and return toa solid. In ouranalogy this 
islike the ball rollingdown the hill untilit reaches flat 
ground, On its way, the solid sodium acetate absorbs three 
molecules of water, becoming sodium acetate trihydrate 
(NaC2H302"3H20). These water moleculesaren’t 
chemically bonded to the sodium acetate, representinga 
physical change. The process is exothermic (ie it releases 
heat) and isused in hand warmers. 


N ANON 


Copper and silver nitrate 


Deadlines: % 


Ingredien 
Core process: Single replacement 


EGinnature Miniab Bathome [toxic 


Mixing silver nitrate and copperis one of 
the most famous chemistry experiments 
with itstarring in many a school science 
lesson around the globe. The experiment 
involves introducing copper-typicallya 
copper wire -toasilver nitrate/water 
solution andsuspending it there fora 
couple of hours. 

The combining of both triggersa single 
replacementreaction, where copper is 
changed from its elemental form (Cu) to its 
blue aqueous ion form (Cu2+ faq)), while 
thesilver ions (Ag+ [aq]) in the silver 
nitrate solution will be changed into their 
elemental metallic form (Ag) and 
deposited onto the wire. These silver 
deposits continue to grow off the copper 
inaseries offractal-like crystals until all 


Silver nitrate (AgNO3); copper (Cu); water (H20) 


reactable copper in the 
solution is exhausted, 
leaving the end products of 
silverand copper nitrate. 
Thereasonthis 
replacement reaction occurs 
isthattheatomsinthe 
copper are oxidised when 
introduced tothe silvernitrate 
solution, losing electrons and 
forming copper ions, while the 
silver ionsin the nitrate solution 
are reduced (ie they gain electrons) 
into elemental silver. 
Once thesilver crystals have 
grown they can be removed from the 
copper, dried offand then displayed as 
funky pieces of fractal art 


Deadliness: RRR 


Ingredients: Potassium (K); water (H20) Core process: Redox 


[3] 
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Puta lump of potassium ina dish of 
water and it will give offa pinkish 
light, getvery hotand skim across 
the surface at speed. A favourite 
experiment of many science 
classrooms, potassium isa metal 
that reacts violently in the 
presence of oxygenand water. It 
forms potassium hydroxide (KOH) 
and hydrogen gas(H2). Potassium 
atoms have 19 electrons - one of 
which isaloneinan outer shell. 
This makes potassium keen to lose 
anelectron to forma complete 


Deadlines: RRR 


Toxic 


outershell and become more 
stable. When thereaction begins, 
the heat given offignites the 
hydrogen gas, which reacts with 
oxygento produce water. 
Potassium ts so reactive that it 
must be stored in kerosene, to 
avoid contact with water vapour in 
the air. Even oxygen in theairis 
enough to make potassium 
spontaneously combust! Because 
potassium isso reactive, it'snot 
found inits elemental form, butits 
compound is common. 


This experiment combines physics 
and chemistry to produce an awesome 
effect. Ferromagneticfluid isa liquid 
that undergoesa radical change when 
introduced toa magnetic field, turning 
from a puddle intoa spiked dome. The 
fluid does this due to its composition, 
which isa mix of nanoscale 
ferromagnetic particles (like iron) and 
acarrier fluid. The particles are coated 
with asurfactant-a compound that 
lowersa liquid's surface tension - 
ensuringan even distribution of 
particles. When a magnetic field is 
introduced - usually a strong magnet 
positioned beneath it- the particles 
realign to the magnetic field lines. 
Contained as they are, the particles 
cause the liquid to act like a solid. 


Ingredients: Potassium chlorate (KCI03); Jelly Babies (glucose syrup, sugar, water, 
gelatine and flavourings) Core process: Redox 
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Watching Jelly Baby meet its demise 
atthe handsof potassium chlorate is 
spectacular. There’s an abundance of 
energy inside Jelly Babies stored as 
sugar, released in intense flamesanda 
piercing scream when potassium 
chlorate is added to the mix. 

Potassium chlorateisa powerful 
oxidiser, taking its formasa white 
powderandoften used in fireworks 
and explosives. The ‘ate’ part of 
chlorate describes the oxygen atoms 
attached to the chlorine atom, and the 
chemical formula is KC103. Chlorate- 
based oxides are more efficient 


Toxic 


oxidisers than those in gunpowder 
and potassium chlorate needs to be 
handled carefully due to its highly 
unpredictable tendency to 
spontaneously ignite. 

The reaction happens whenasmall 
amount of potassium chlorate is added 
toa test tube and heated until it 
becomesa clear liquid. Safety screens 
and goggles area must. The Jelly Baby 
isplaced with tongs into the tube and 
instantly produces lively flames, 
intensescreamingand smoke, The 
reaction gives offnoxious fumes so 
ventilation isalso needed. 


Deadliness: RRR 


Ingredients: Carbon disulphide (C32); nitrous oxide (N20) 
Core processes: Decomposition; redox 


Whnnature(thereactants) Zintab Pathome Hl toxic 


2. Expansion 4. Bark 
Asthe gases expand, ‘Asthe gases rush back 
thosenearthetopare _intothetubetobalance 
forcedoutofthetest _thepressure,arepeated 
tubeduetopressure. __"barking’ noiseismade. 


The barking dog eactionisa 
consequence of igniting 
carbon disulphide (CS) mixed 
with nitrous oxide (N20), 
better knownas laughing gas. 
The reaction createsa bright 
flash of blueish-purple light 


elements from compounds: i 
this case a yellow coating of 
sulphur and nitrogen gasare 
the elementsleft behind. 
Carbon disulphide is found 
innatureasa product of 


metabolicprocessesin plants 
and heat, and, morebizarrely, _ and volcanic eruptions. 
asoundlikea dog barking Nitrous oxide also forms 

Nitrous oxide gasis the naturally from somespecies of 

source of oxygen -ie the bacteria, plus through 
oxidiser-neededtoburnthe —_industryand agriculture, and 
colourless liquid fuel, carbon —_depletes ozone inthe 
disulphide, Whenthereaction stratosphere. 


takes place ina confined Used in the past in flash 
space -such asa long tube photography, the flash itgives 

-someenergyisconvertedto __offisso bright that many . 7 

form the loud barking noise, people in the photographs 1, Energy release 3. Differential . 
due toafluctuation of would lookstartled. The Tenn’ caeoueaerenite 
pressure. Thisisanexample _pervasivesmell probably jeesdngenersasteat, tube croatinga 

ofa reaction which makes didn’tmakeitpopulareither. —_ expandingthe gases. vacuum-like effect. 


Potassium nitrate and sugar 
Deadliness: RR 


Ingredients: Potassium nitrate (KNO3); sucrose (C12H22011) 
Core process: Redox 
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There's something strangely satisfying about witnessing 
the volatile display of smoke, colour and fire given off by the 
mixture of potassium nitrate, sugar and heat. Theamount 
of fire varies, but there is always an abundance ofsmoke. 
You have most likely seen this reaction ata firework 
display, or from the smoke stunt planes deploy where 
coloured dyesare oftenadded for effect. 

Potassium nitrate (KNO3)-akasaltpetre-isan essential 
inany pyrotechnics cookbook; it's one of the main 
ingredients in gunpowder, for example. Potassium nitrate 
worksasan oxidiser, giving off oxygen and promoting the 
burning of fuel. 

Asseen inthe ‘Screaming Jelly Baby’, sugar isan 
extremely effective fuel; it contains energy that ‘burns’ in 
our bodies and converts to useful energy we use to perform 
any physical activity. When heatis applied to saltpetre and 
sugar, the saltpetre loses an oxygen atom - transitioning 
from KNO3 to KNOz and oxidising the sugar. The sugar 
burns, releasing smokewhich rapidly expands andcan 
generate enough thrustto lifta small rocket. 

Interestingly there’sa programme called Sugar Shot to 
Space that aims-as you would probably be able to guess 
to launch a rocket powered by sugar propellantalone 
beyond Earth'satmosphere. 


ois 


Sep Sciencein action 


Atoms 


Up and atom with our look at these 


particles inside all matter in the universe 


Atthe centre ofevery atom isa 
nucleus containing protonsand 
neutrons. Together, protons 
and neutrons are knownas 
nucleons. Around this coreof the atom, a 
certain number of electrons orbit in shells. 
The nucleusand electronsare referred toas 
subatomic particles. The electrons orbit 
around the centre of the atom, which is due 
to the charges present; protons havea 
positive charge, neutronsare neutral and 
electrons havea negative charge. Itis the 
electromagnetic force that keeps the 
electrons in orbit due to these charges, one 
ofthe four fundamental forces of nature. It 
acts between charged objects-suchas 
insideabattery-by the interaction of 
photons, whichare the basicunits oflight. 
Anatom isabouta tenth ofa nanometre 
in diameter. 43 million ironatoms lined up 
side by side would producea line only one 
millimetre in length, However, mostofan 
atom is empty space. The nucleus of the 
atom accounts for only a 10,000th of the 
overall size oftheatom, despite containing 
almost all of the atom’s mass. Protons and 
neutrons have about 2,000 times more mass 


1 . 
Thousands ofseienjsts pore 


‘Over data from atomsmaslies 
tomakenew discoveries 


thananelectron, making the electrons 
orbit the nucleusata largedistance. 

Anatom represents thesmallest part of 
an element that can exist by itself. Each 
element's atoms havea different structure. 
The number of protonsinsidea specific 
element is unique. For example, carbon has 
six protons whereas gold has 79. However, 
some elements have morethan oneform. 
The other forms -knownasisotopes- ofan 
atom will have the same number of protons 
buta totally different number ofneutrons. 
For example, hydrogen has three forms 
whichall have one proton; tritium has two 
neutrons, deuterium has one neutron and 
hydrogenitselfhas none. 

Since differentatoms have different 
numbers of protons and neutrons, they also 
have different masses, which determine 
the properties ofan element. The larger the 
mass ofan atom the smaller its size,as the 
electrons orbit more closely to the nucleus 
due toastronger electromagnetic force, For 
example an atom of sulphur, which has 16 
protonsand6 neutrons, has the same mass 
as 32 hydrogen atoms, which each have one 
proton and no neutrons. © 


Shell 
Eachshell canholda different 
number of electrons. The first 

canhold two, thesecond holds 
eight, thena8,32andso forth. 


Inside 
theatom 


“g Dissecting what 
makes upan atom 


Protons 
Astableelementary particle 
with a positive charge equal to the 
negative charge ofanelectron. A 
proton canexistwithouta 
neutron, butnotvice versa. 
Quantum jump 
Anelectronteleasesorabsorbsa 
certain amount of energy when it 


jumps fromoneshell toanother, 
knownasa quantum leap, 


Electron 

Anelementary particle (one of the basic 
particles of matter), anelectron has 
almostno massanda negative charge. 


Nucleus 

Held togetherby thestrong 
nuclear force, thestrongest 
forcein nature, thenucleusis 
tightly bound and holds the 
protonsand neutrons, 


Neutrons 
An elementary particlewitha 
‘neutral chargeand thesame 
massasa proton. Thenumber 
ofneutronsdefinesthe other 
formsofan element. 


Power of the atom 


Atomic bombsare notorious 
around theworld fortheir 
devastating power. By harnessing 
the energyin the nucleus ofan 
atom, atomicbombsare one of 
the most powerful man-made 
Weapons. In1939, Albert Einstein 
and several other scientists told 
the USA ofa process of purifying 
uranium, which could createa 
giant explosion known asan 
atomicbomb. This used a method 


known asatomicfission to ‘split’ 
atoms and thus releasea huge 
amount ofenergy, 

‘The only two bombs to ever be 
used in warfare werea uranium 
bomb on Hiroshimaanda 
plutonium bomb on Nagasaki in 
1945 at the end of World War I. 
The effects were frighteningly 
powerful, andsincethen no 
atomic bomb has ever been used 


asa weapon. 


itomic bomb 
howed the raw 
poweroftheatom 


* Ifthesolar system wereshrunk to the size 
| ofa gold atom, the distance from the Suh+ 
} tq Pluto would behalf thre distance from A 

the nucleus of the gold atom foitsfurthest . 
} . electron. One unit here is defined as thé 
{ “width ofa goldgtom. s Gy” 


- 0.3 units away 


© 


- 5,000 units away . 


- 10,000 units away 


e 
Ps Pacground NASA 
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Explore a nuclear 
reactor’s core 


What goes on within the core and why does it glow? 


This image showsa nuclear 
reactor's core surrounded by 
Cherenkovradiation, which 
gives it the characteristic blue 
glow. Cherenkov radiation isa 

unique phenomenon where particles that are 

electromagnetically charged -such as 
electrons -and emitted froma nuclear 
reactor’s core travel faster through its coolant 

(pressurised water) than the phasevelocity of 

light. This process causes the particles to 


nt 
Whatarethe main components? 


1. Steam generator 
Heated water from the core 
entersthesteam generator, 
whereit’s convertedinto 

vapour todriveturbines, 

which inturn poweran 
electrical generator. 


polarise the water molecules, which then 
proceed to rapidly descend back to their 
ground state, expelling photons —hence the 
perceived blue-white illumination-and 
intensifying observed radiation levels. As 
such, the intensity of the core’s fission events 
is directly related to the intensity of its 
generated Cherenkovradiation. 

Fora closer inspection ofa core’s main 
features and processes, check out the Inside 
anuclear reactor’ boxout below. @ 


~ 2. Control rod mechanism 
Thisholds the control rods- 
neutron-absorbing barsof chemical 
elements-and lowersthem into 
the core.It’sused to dictate the 

rate offission of the uranium 
and plutonium. 


3. Core 4, Water pressuriser- 5. Pumps 
The coreis filled with bundles ‘Thewater pressuriser receives ‘The reactor’s pumps push the 
ofnuclearfuelrods,witheach _light(ordinary)waterand bringsit pressurised water (coolant) 
bundle consisting of 200-300 toahigh pressureto prevent it aroundthe core, which absorbs 


rods. Typicallya reactor has 
80-100 ofthese bundles, 


O18, 


from immediately evaporating 
and turning intosteam 


heat generated by nuclear fission, 
and then into the steam generator. 


“The core is filled: with 
bundles of nuclear fuel rods, 
with each bundle consisting 
of 200-300 rods. Typi¢ally a 
reactor has 80100,bundles” 


\ 
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Building dem 


What does it take to turn 
solid cement and steel 
into a waterfall of 
cascading rubble? 


Modern building demolition isan 
exquisitely choreographed dance of 
destruction. Dynamite-triggered 
‘implosions’ - wherea building collapses 

in onitselfjust like a crumbling house of cards-are 

so violently beautiful that they have even becomea 
spectator sport, Demolition junkiesare known to 
camouflage themselves asshrubs just to geta 
close-up shot of the carnage. 

Blowing up a building iseasy, minimising damage 
tonearbystructuresis the tricky part. There are 
tumbling walls and flying debris to worry about, not 
to mention the earthquake-like vibrations produced 
by millions of tons of crashing cement and steel. The 
explosives alone can produce high-pressure 
shockwaves that shatter windows for miles. 

Demolition expertsare called blasters (‘explosives 
engineer’ lacksa certain punch). They know that the 
most powerful force on a demolition site isn't the 
thousands of pounds of dynamite, but the incredible 
potential energy of gravity. The key to minimising 
damageand softening the impact of30 stories of 
rubble is to use the least amount of explosives 
possibleand let gravity pull the building downina 
progressive, ‘liquid’ collapse. 

To trigger a progressive collapse, blasters divide 
the building into separate vertical columns. They 
Grill thousands of holes in the weight-bearing 
supports under each column and stuff them with 
dynamite. The supports are wrapped tightly in 
chain-link fencing and thick plasticfabric to contain 
flying debris. 

Each stick of dynamite is plugged with a blasting 
cap that controls the precise timing of the explosion. 
Allofthe explosives are connected back toa single 
detonator by miles of detonator cable. When the 
blaster yells “Fire in the hole!” he activates the 
detonator, initiatinga series of sharp, popping 
explosions that obliterate the column supports 
section by section. 

The result is breathtaking. Each column seems to 
meltto the Earthina smooth, wave-like motion. The 
fluid collapse sequence minimises vibrations on the 
ground and the small, delayed explosions reduce the 
damaging effects of shockwaves. When the dust 
settles (which can take 15 to 30 minutes), all thatis left 
isa two-storey pile of rubble, neatly contained within 
the footprint of the original structure. 


the ground 
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olition 


1, Detonation 
Followingthe explos 
thebuildingbeginsits 
breathtaking descent 


2. Going, going... 


Gone. Allthatisleftis 
apileofrubbleanda 
cloud of dust 


Conventional demolition 
equipment: Enough shovelsand 
sledgehammersto gutthe bottom 


floors ofnon-weight-bearing walls. 


Two different kinds of 


explosives: Regular nitroglycerin- 


based dynamite for concrete 
supportsanda high-velocity 
explosive called RDX forslicing 
through steel beams. In total, 
around 180kg of explosives. 
Blasting caps: Thousands of 
small detonatorsattachedto 
individual sticks of dynamite to 
precisely time the detonation. 


Hundreds of metres of fencing: 


And geotextile fabrics to wrap 
around concrete supports stuffed 
with dynamite. 


_ 
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How the charges are placed withina building's structure 
in order to collapse it in on itself 


t+ Ih To demolisha ten-store\ 
Kit list buildingyouwill need” 


Detonating 
cord: Miles of cable 
to connect each stick of 
dynamite toasingle 
detonator control. 
Detonator control: Thishastwo 
buttons: one tocharge the 
electrical detonation and one to 
fire the explosives. 

Years of 
experience: 
Blueprints can 
only tell youso 
much. Expert 
blasters rely on 
astorehouse of 
hands-on 
knowledge as 
they work. 
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Scienceinaction 


1,000 years, eats 


{MH Explosionsare characterised by three 
factors: a rapid increasein volume, the 
OM generation of high temperatures and an 
™ extreme release of energy. In addition, 
every explosion generatesa shock wave that varies 
depending on the explosive's detonation velocity. 
The four main properties of explosionsareforce, 
velocity, heat and fragmentation. An explosion’s 
force isits physical impacton the environment, 


often increased through a warhead's shaped charge. 


An explosion’s force when magnified ina shaped 
charge can gauge impact craters, tear through the 
armourof military vehicles and puncture buildings. 


Chart the rise of man-made 
explosives over the centuries: 
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An explosive'sdetonation velocity is the rapidity 
of the expansion of its volume (gases mainly) post 
detonation. Typically, the greater the detonation 
velocity the higher the relative effectiveness (RE) of 
the explosive, witha direct correlation between 
velocity, pressure and generated heat. So, the greater 
the velocity the greater the heat and damage. 

Heat, an effectand also the cause of an explosion’s 
high pressures, isits ability to liberate its exothermic 
material's elements ata certain temperature. Coal, 
for example, is very goodat doing this ata high 
temperature in an exothermic reaction, albeitat 
sucha slowrate that it can't be usedasan explosive 


Ancient Chinese: The ancient 
Chinese are credited with the 
creation of early explosives 
which were crude black powders 
used in rocketsand fireworks. 


European gunpowder: By the 1300s, 
the knowledge of the East had reached 
Europeand anew era of explosive 
warfare ensued, relegating suits of 
medievalarmour tomuseums. 


(whichis why we use it forfires). Nitroglycerin (the 
chemical base of explosives such as dynamite) 
produces five times less heat than coal but has the 
necessary rapidity in liberation foran explosion to 
becaused. 

Finally, almostall explosions are subject to 
fragmentation -the accumulation and projection of 
particles asa result ofits detonation. Fragmentation 
is proportional to the explosion’s generated shock 
wavesand detonation velocity, with supersonic 
shock waves producing far more fragmentation than 
subsonicvarieties. Fragmentation increasesan 
explosion’s potency ten-fold 


Nitroglycerine: More 
powerful than blackpowder, 
nitroglycerine pavedthe way 
forthe creation of dynamite 
and otherexplosives, 


Explosions are deadly fora variety of 
reasons. The basis ofany explosion is 
the rapid burning and decomposition 
ofamaterial, aprocess that createsa 
largeamount of heat, pressure and 
gasinashortamount oftime. All 
these factors can have an effect on 
humans, as their physical thresholds 
to withstand the various forces and 
chemicals in playis easily broken. 
For example, the heat generated by 
an explosion of MX reaches 
thousands of degrees Celsius ina 
matter of seconds, something that 
the skin ofa human - which would 
be subjected to third-degree burns - 
could not withstand, with the 
skin tissuesand structures 
being destroyed. 

The force and velocity ofthe 
detonation is equally asdeadly. The 
shock wave created by an explosion 


Schlieren 


photograph of a 
firecracker 


Since its invention by the 
ancient Chinese, gunpowder 
has been one of the most used 
explosives on Earth 


Gunpowder, unlike other modern explosives, is 
classified asa low explosive -an explosive that 
undertakes subsonic combustion ~as it deflagrates 
slowly. For this reason, despite its creation over 1,000 
yearsago, itwasstill used as the explosive 
mechanism in gunsall over the world up until the 
2oth Century, providing enough energy to propel a 
bullet out ofa muzzle, but not enough to break the 
weaponand injure the user (of course, backfires and 
jamslead to bad injuries). 

Modern rifle cartridges - the combination ofa 
bullet, case, powderand primer-suchastheone 
fired in the accompanyingimage, use smokeless 
powders (they are not actually smokeless, however, 
just considerably lessso than conventional black 
powder), as their combustion efficiency is greatly 
increased, allowing rounds to be fired with less 
explosive. Further, smokeless powder does not leave 
heavy fouling (unwanted residue materials) within 
the weapon, allowing for semi and full automatic 
rifles to operate cleanly and efficiently. 


1863AD 


Trinitrotoluene: Trinitrotoluene or 


2000AD 


Octanitrocubane: With 
performance rough 


greater than HMX, thisis 
considered the most powerful non 
nuclear explosive on the planet. 


now used as the modern ben 
forall other explosives 


5 percent 


Capable of breaking the physical threshold of human 
tissue, explosions claim many lives 


carries tremendousamountsof 
energyand can easily project objects 
ofsuch light weight hundreds of feet. 
Fragmentation - the shattering of 
explosive casingand material inan 
explosion’s immediate vicinity - in 
supersonic explosions can also cause 
severing and puncturing to human 
tissue, In addition, the force ofany 
explosion is often increased ifitisa 
consequence of the detonation ofan 
explosive device. This is because 
many warheads, mortars, rockets, 
shells andbombs have shaped 
charges, as demonstrated in the 
example of C-4, a type of plastic 
explosive which is based on 
cyclotrimethylene-trinitramine 
(RDX). C-4 is particularly deadly 
because it can be moulded into 
various shapes to increase its 
destructive potential 
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The firstreal breakthrough for 
explosives post gunpowder, 
trinitrotolueneisone of the most 
commonly used explosives on Earth. 
Itwas formed in 1863 and hasan RE 
(relative effectiveness) factor of 1.00. 


C,H(NO,),CH, 
ae) © 
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Based on nitroglycerin, dynamite 
has6o per cent greater energy 
density than TNT. Itwas first created 
in1867 by renowned German 
chemist Alfred Nobeland hasan RE 
factor of150. 


CHNO, 
73% 


3 


st explosion 
onation velocity 


Basedon the explosive RDX, C-4 is the 
most famous plastic explosive used 
today. Itis easily moulded into any 
shape (excellent for shaped charges) 
and hasa high detonation velocity. It 
hasan RE factorof134. 
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CHN,O 


_ 
losion. J 

Detonation velocity 

of 8,agom/s. 


Another brand of plastic explosives 
thatis used mainly in commercial 
and industrial applications, Semtex 
isa mix of RDXand PETN. Itis 
brick-orange in colourand hasan RE 
factor of 1.66. 


CH,NO. 
5 BAT al 


A visual guide to the six 
most powerful non-nuclear 
explosives on the planet 


Relatedto RDX but much more ‘The most explosive chemical 
explosive, HMX isa nitroamine high structure on Earth, Octanitrocubane 
explosive. Difficult to manufacture, it _has25 percent greater performance 
is only used for specialist military than HMX. Itwassynthesisedat the 
purposes, suchasa nuclear bomb University of Chicago in 1999 and has 
detonator. It hasan RE factor of 1.70. an RE factor of 2.70. 

C,H,N,O, C,(NO.), 


Senstey ) Veta © 
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Epic explosion. 
Detonation velocity 


velocity of 9,100 m/s. ofioaoom/s. yi 
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From its atomic properties to 
what determines its colour, we 
explore the fundamentals of the 
element that can sustain life as 
easily as it can destroy it 
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Most ofus encountersome 
form offire every day, 
whether we're basking in the 


rays ofthe Sun, lightinga 
match or cooking food. It’s likely that 
early man 500,000years ago didn’t quite 
have the method of creating fire nailed 
down, instead relying on natural 
occurrences such as lightning to start 
a fire which they would then store 
underground in hot ashes for later use, 
Nowadays we use fire on amuch more 
controlled and regular basis, but the 
complex physics and chemistry behind 
how it works are the same as they have 


always been, From heat intensity to 
combustion, this article will tell you all 
aboutthe science behind this powerful 
phenomenon essential tollife. 

Weill startsmall - with what's going 
onatan atomiclevel. The process of 
@feating fire, knownas combustion, is 
basically oxidisation occurring very 
quickly. When a metalsuch assteel 
rusts, it is oxidising but notata fast 
enough rate to generate fire,.To 
ufiderstand how something can oxidise 
rapidly enough to produéea flame, we 
need to understandwhy theatomiswant 
to bond in the first place. 


Generally, fire is thé burning ofan 
organic substance which contains lots of 
carbon, Carbonatoms want to bond with 
oxygeniatoms, but they need alittle push 
in order to do so. Ifwe briefly consideP 
photosynthesis, the energy of theSun is 
required to Split Carbon and oxygen 
atoms apart. However, when they're 
apart, they want toimmediately snap 
together again, but require a little 
encouragement. Imagine a ball trying to 
tollupa hill, which hasadeep hole at 
thetop. If the ball is rolled gently against 
theslope, it doesn’t have enough energy 
toreach the peak andfall into the hole, 


Red Blue White 
Themostimpuretypeot _ifmoreoxygenis -—_thetotterapue © | QUICK-FIRE 
| combustion, a red flame, introduced tothe flame gets, the closer 

willhavealotofimpurites flame,lessimpuries -towhitetwil | QUESTIONS 
WH ITE-HOT Present suchassoot,that _resultfromthe become. Thisis 

burn brightlyin the fire combustion process becausean increase 

causingared/orangeglow. _ andthustheflame _—_inheatalso bumps 0: How fast is fire? 
Why do standard flames vary in i CEE Although estimates vary 


largely, most fires (in 
particular forest fires) are 


colour from orange to blue? 


beinghigherup the 
electromagnetic 


The colour ofa flame is dictated by the blackbody radiation spectrum than thought to moveat about 
ofthe substance that is burning and the oxygen supply to colourssuchas 16-20km/h (10-12mph). 
blueand red. ee za setae 


the flame ttself. Fire ts produced by oxidisation, butasa : 
by-product of thecombustion process impurities are often 

created. The more oxygen present, the less impurities there 

are, Itisthese impurities that glow red when hot, causing 

the fire to burn that well-known orange colour. In addition, 

the hottera flameis, the whiter it will become. This is : 
because as things burn ata hotter temperature they move 
furtheralongthevisible spectrum to higher-energy colours 

such as white, hence the phrase ‘white hot’. Asa result, 

white hot is technically hotter than ‘red hot’. 


naturethatcan reduce entire 


Fireisa devastating force of | 


buildings to smouldering 
wrecksinmereminutes 


but ifit is given a big enough push (ie 
enoughenergy), itreachesthe top and 
immediately drops into the hole. This is 
essentially how carbon and oxygen 
atoms interact. Normally they existnear 
each other but donot mix. However, 
when a bit of extra poweris introduced 
to the equation, they are suddenly 
drawn together. Oncea carbon and 
oxygen atom have gained enough energy 
to’snap’ together, they releasea bit of 
energy in the process. In turn, this 
allows two otheratoms to unite, and two 
more, and so forth. This eventually leads 
toa runaway chain reaction and, 


A 5 
y ‘The Derweze CraterinTurkmenistanisa 
—— natural occurrence ofmethane combustion, 
i andhas been ablaze for over 4o years 
"a sa ES : 
: -“ 
Der buss ¥ : 
» de 


ultimately, a fire. We'll consider this 
process in greater depth later. 

When theseatoms combine to form 
anew molecule, a certain amount of 
energy isreleased or absorbed. The 
amount created insuch a reaction is 
dependent on howfast the atoms can, 
rearrange themselvesand, in the case of 
fire, this process isextremely rapid. Ina 
slower reaction like rusting, although 
the principles are similar, the rate of, 
oxidisation is so sluggish that the 
temperature increases by only aboutone 
degree Celsius (1.8 degrees Fahrenheit) If 
you can accelerate this oxidisation rate 


& 9 
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though, then you'll suddenly find the 
amount of energy —and ultimately heat 
~released also increases; thisis 
combustion. Every substancehasa 
threshold temperature at which the 
atoms willgain the necessary power to 
snap together and starta runaway chain 
reaction, and once this temperature is 
passed then combustion can begin. If 
heat cannot dissipate faster than itis 
created, combustion is all butinevitable. 
Understanding what's going on 
during combustion can be difficult to 
comprehend, so we will use the 
relatively simple example of hydrogen 


Q: What makes 
things flammable? 
The instability ofa 
substance’satomsand 
their likelihood to 
combine with oxygen 
are what ultimately 
determine flammability. 


Q: How does fire act 
in zero gravity? 
Aflame ina zero-gravity 
environment spreads 
outwardslikea balloon 
because there is no 
external force acting on it. 


Q: Why does fire ‘eat’ 
up oxygen? 
Fire isa rapid process of 
combustion, whichitself 
iscaused by oxidisation, 
where atoms of oxygen 
combine with other 
atoms to make new 
molecules, so fire must 
consume oxygen. 


Q: Why do flames 
flicker? 
Intheabsence ofa 
draught disturbingthe 
flame, flickering is the 
fire searching for more 
oxygen to keep burnin; 
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Sciencein action 


to demonstrate the process, During 
the combustion of hydrogen, oxygen 
and hydrogen molecules combine to 
produce water but, asa by-product of 
this, heat isalso generated. If this heat 
is greater than the threshold 
temperature of hydrogen, then another 
reaction will take place. The rate of 
combustion ina material is 
determined by how unstable its atoms 
are and, inthe case of hydrogen and 
oxygen atoms, they are very unstable. 
The addition ofan external factor such 
as moreatoms oran increase in heat 
energy willresult ina chemical chain 
reaction taking place as the remaining 
molecules bond together. 

So now we get on to what fire 
actually is. Itmightsurprise you, but 
solids and liquids do not actually burn, 
orrather, they are not responsible for 
the visible flames we see. Paper, petrol, 
or indeed any flammable material, 
doesn’t burn itself, but in fact itis the 
vapours emanating from these solids 
and liquids that burn. Asan example, 
let’s consider how a candle works. 

Melted wax travels up the wick and 
vaporises when itreaches the top, but it 
doesn’t burn itself. The heat from the 
flame as the wax reaches the top 
causes it to vaporise and subsequently 
oxidise, or burn, inturn releasing more 
heat. This is the same process with 
paper and wood. The material 
vaporises, and this heated vapour 
oxidises, in turn generating further 
flames and heat. Not all the carbon 
combines with oxygen to combust 


Flame 

When combined with oxygen 
intheairand theheat 
generated by friction the 
match head (fuel sets alight. 


Match head 

The tip of the match 
ismost commonly 
madeof phosphorous 
and gelatine. 
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though. Some of the carbon forms 
other molecules, which are responsible 
fora flame's glow. Soot, composed 
mostly of carbon, is formed just before 
itenters the flame. Itis these soot 
molecules growing superhot that cause 
fire’s characteristic reddish glow. 

When fuel is pure, the fire appears 
blueas there are very few impurities. 
The centre ofa flame, asseenina 
candle, will often appear bluewhere 
there is little other material. Flames 
that appear red have been 
overpowered by sootand smoke, 
which burn bright red under heat, 
tinting theflame. 

The cause of this redness is 
somethingknownas blackbody 
radiation. Everything in the universe 
emits energy, and insome cases this is 
visible. Forexample, humansemit 
infrared energy, so when viewed via 
night-vision goggleswe ‘glow’. The 
measure of the energy an object gives 
offis known as its blackbody radiation. 
When somethingis burning red, itis 
merely giving off energy corresponding 
tored on the electromagnetic 
spectrum. Humansare too cool to burn 
with this sort of visible light but things 
like iron, lava and soot ina flame are 
allable to reach the necessary heat, so 
they release this visible blackbody 
radiation. This is why, for the most 
part, fire appears red when organic 
substancesare feeding it. To learn why 
some things burn a completely 
different colour, like purple or gold, see 
the ‘Chemical colours’ boxout. 


Matchstick 

Thewooden stick 
servesas{urther 
fuelfortheflame. 


Theroughstrip onthe 
side of the box provides 
theperfectsurface to 
cause friction-and heat. 


The essential trio that fire can't do without 

fora fire to start- and indeed survive - it requires three things: oxygen, fuel 
and heat. Let’stake the example of striking a matchto show how this trio 
combines to initiate the runaway reaction of combustion. 

Asyoustrike the match against the box, the heat produced by friction is 
higher than the ignition temperature of the tip of the match. The head acts as 
the fuel, the air contains oxygen and friction causesheat. As the head burns, 
the fire heats the wooden stick beyond its threshold temperature and causes it 
toburn too. Ifthe stick were made of, say, metal the match would quickly burn 
out. In this scenario, once the head had burnt out the fire would no longer have 
one of its key components - fuel -available, thus it would die. 

Fuel, oxygen and heat are needed to both initiateand sustain combustion; 
this is knownas the fire triangle. Each type of fuel has an ignition 
temperature at which itwill rapidly begin uniting with oxygen, ultimately 
setting alight. With a match, you have two of these three components before it 
islit: fuel and oxygen. By rubbingit across a matchbox and creating friction, 
heat is produced which sparks the chain of reactions in the head of thematch 
and leads to the production of fire. Fora match to ignite, itneeds a temperature 
ofaround 182 degrees Celsius (360 degrees Fahrenheit), which is producedas it 
travels across a rough surface. Once the match headis ignited, more and more 
heat is released, resulting ina flame -all in less thana second. 
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GREEN: Barium _SILVER: Titanium, 
aluminium and magnesium 


BRIGHT RED: Strontium 


Combustion is the process 
through which atoms can gain 
enoughenergy tosurpasstheir 
temperature threshold and 
bond with others to form 
entirelynew molecules. 
Energy is released in this 
processin the form of heat, 
which in turn causes other 


1. Stable 


chain reaction. 


Essentially, this leads toa 
runaway chain reaction where 
manyatomsina material 
suddenly find themselveswith 
enough energy to exceed their 
temperature threshold. 

The general ruleis, ifheat 
is created faster than it can 
dissipate, then combustion 
will occur. Ultimately, a high 
enough evel of sustained 
combustion willlead to fire. 


CHEMICAL 
COLOURS 


Substances burn with varying colours 
because they have different threshold 
temperatures at which they burst into 
flames. Those that require more heat 
burn towards the white end ofthe 
electromagnetic spectrum, as they 
require greater energy, and vice versa for 
red, Fireworksare basically just mini 
“stars’ of fuel that ignite upon the 
addition of oxygen and heatas perthe 
fire triangle |see the opposite page). 
Light produced from heat is knownas 
incandescence. It is the heat that cai Ss 
asubstance to glow, andas it doesso the 
matter will first emit infrared light (as 
humans do naturally), followed by red, 
orange, yellow and white lightas it gets 
hotter. By controlling the level of heat, a 
firework’s glow can be manipulated to 
produce the desired colour/effect. 


The introduction of energy, suchas 
heat, toastable mix of oxygenand 
atoms to bond insimilarways. hydrogen gascantriggera sudden 
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4, Runaway 

Theatom of oxygen freed earlier 

reacts with another Ha to produce 
anew H20 moleculeand Hatom. 
Steps and then repeat. 


e Shuttle's 
‘ombusted 


hydrogen inorderto 
provide propulsion 


2. Reaction 

With enough energy, a hydrogen 
atom (H) reacts withamolecule of 
oxygen (02), forming one hydroxyl 


radical (OH)andan oxygen atom (0). 


000 
000 


5. Combustion 

Threefreed Hatomsreactwith 
threeOas, producingnineHatoms, 
which liberate 27moreand so on. 
This chain reaction is combustion. 


How this process can spark an inferno 
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3. Water 

The OH molecule reactswitha 
molecule of hydrogen (H2), 
producinga water molecule 
(H20Janda hydrogenatom. 


QUICK-FIRE 
QUESTIONS 


Q: Why do flames 
appear pointy? 
The Eartl ravitational 
pullisresponsible for 
making hotair rise. Itis this 
convection which shapes 
flames into their familiar 
pointed form. 


Q: What is 
backdraught? 
Whena fire has used up all 
its available oxygen, the 
surrounding environment 
can remain hotand airtight 
until new oxygen is 
introduced, whena power 
re-ignitionbackdraught 
explosion can occur. This 
dangerousphenomenon is 
often seen by firefighters. 


Q; What is smoke? 
Smoke results from volatile 
organic compound: 
evaporating froma fire, 
creatinga visible plume of 
rising gaseous material. 


Q: Why do things burn 
at different 
temperatures? 

It's due to the strength of 

the bonds and the sizes of 

atoms and molecules in 
various materials. As you'd 
expect, stronger, more 
stable atoms need more 
energy to combust. 


Q: Is spontaneous 
combustion 
possible? 


This as-yet-unproven 


entire object when a heat 
@is introduced. 
s cause for ‘hot’ 
nescientists. 
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What makes this select bunch 
chemical elements so ‘noble’? 


) There are six naturally occurring noble gases found 
around our world and beyond. These are helium 
(He), neon (Ne}, argon (Ar), krypton (Kr), xenon (Xe) 
* and radon (Rn). Together they form Group 18 of the 
periodic table and are characterised by their lack of colour, 
smell, taste and flammability in their natural state. 

Despite being historically referred to as rare and inert, noble 
gases - which were designated ‘noble due to their apparent 
reluctance to undergo a chemical reaction - are nothing of the 
sort. In fact, all of these gases are found! rth’s atmosphere 
and each is fully capable of being chemi ive and 
producing compounds. 

The majority of the noble gases —ie argon, krypto 
xenon -are formed via liquefaction and fractional distil 
techniques, however helium is attained by separating it from 
natural gas and radon by isolating it from the radioactive decay 
of radium compounds. 

As noble gases show extremely low chemical reactivity, while 
they are not inert, onlya few hundred noble gas compounds 
have been formed to date, withixenon varieties making up the 
bulk of them. In theory, though, rad6mis more reactive than 
xenon, so it should form chemicalbonds more readily. However, 
its high radioactivity and short half-lif@are the key factors 
which prevent this. 

There are many applications for noble gases (see the boxout. 
below for some notable examples). The most obvious 
of these are illuminated signs, light bulbs and lamps, witl 
xenon, argon and neon commonly used due to their lack of 
chemical reactivity. Using these gases helps to preserve 
filaments in light bulbs and grants distinctive colours when 
used in gas-discharge lamps —as demonstrated by the 
image on this page. @ 


Where arenoblegases used? 


Arc lamps co Blimps MRI scanners 
Aspecialisedtype of Today, most blimpsare One of the most 
gas-discharge lamp, arc filledwith helium due to advanced pieces of 
lights pass electricity its lightness and medical equipment, 
through a bulb full of ™* incombustibility. magnetic resonance 
ionised gas, such as hes | Hydrogen was used % imaging scanners use 
xenonorargon. Theyre > ~ originally butwas liquid helium to cool 
used in IMAX cinemas phased out due to its the superconducting 
among other places. high flammability. magnets inside. 
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“Noble gases were 

designated ‘noble’ dueto 
their apparent reluctance to 

undergo a chemical reaction” 


Illuminated signs Refrigerants Radiotherapy 
Many illuminated Due to their incredibly Despite the noble gas 
signs and billboards r- low boiling points — for radon being highly 
utilise noble gases due LL 4 instance, argon boils at radioactive and able to 
to theirability to Cc ki 186 searese Celsius cause cancer, it can 
generate vibrant (302.8 degrees 

colourswhen ionised 0 Fahrenheit)-theGroup _ 

neon lights being a 18 gasesare often used a 
prime example. .__ ineryogenics. 


— ~~ ~~ 


also be used as part 

~ ofradiotherapy 
treatments to control 

“<. orkill malignantcelis. 


Acids and bases 


See the differences between acids and bases, 
and find out why they act the way they do 


Itiswidely known that lemons 
taste sour due to their acid content, 
soil needs the optimum pH level for 
plants to grow properly and acid 

rain can wipe out entire ecosystems. But what 

really makes onethingacidicand the other one 
basic alkaline)? Why can they beso corrosive? 

And why does litmus paper turn different 

colours when dipped in acid ora base? 

Acidsand bases can be defined interms of 
their concentration of hydrogen ions. Normally 
anatom of hydrogen consists of one proton and 
one electron givingita balanced electrical 
charge -protons being positively charged and 
electrons being negatively charged. Take away 
the electron and youare left with anion of 
hydrogen, ora single proton, or H+, asitis 
often written. The thing about ionsis they are 
very reactive, as they no longer havea balanced 
charge. They are constantly seekingions of the 


Acids and bases have many uses, but 
stronger ones can beharmful 


opposite charge -anatom or molecule withan 

unequal number of electrons than protons, i) 

with which to react. } 
Astrongacid hasa high concentration of H+ 

ionsandis defined by its ability to ‘donate’ 

hydrogen ions toa solution, whereasa base, 

also knowasan alkali, hasa much lower 

concentration of Hit ions and is defined byits 

ability to ‘accept’ hydrogen lonsina solution. 

Therefore, acids mixed with bases become less 

acidicand bases mixed with acids become less 

basic, or lessalkaline. — ee 
Certain concentrated bases, like some 

concentratedacids, can attack living tissue and 

cause severe burns due to the ions reacting 

with theskin. However, the process of bases 

reacting with the skin, and other materials, is = 

different to that ofacids. That's why we call 

some concentrated acids ‘corrosive’, whereas 

reactive concentrated bases are‘caustic’. 


The letters pH stand for ‘power of hydrogen’, as the scale refers to the concentration of 
hydrogen (H+) ions in the solution. It measures the acidity or basicity ofa solution, with pH 
values ranging from 0-14, obeing really acidicand 14 being really basic. Asubstance in the 
middle of the scale with a pH of 7 is classed asneutral, asit contains equal numbersof 


oppositely charged ions. 


A compound which ‘donates’ 
hydrogen ions when placed 
inanaqueous solution. The 
higher the concentration of 
hydrogen ions released, the 
stronger the acid. 


‘Somenatr 


Alison Choppick 


actsacatalyst in 
oilrefining. 
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Hydrofluoric acid 
Ahighly corrosive 
substance which asa gas 
isasevere poison and 


e 
Black coffee 


Levels ofacidsfoundin 

coffeecan beaffected by 

thealtitudeatwhich the 

coffee was grown and 

themineralspresentin 
thesoil, . 

Cow’s milk 
Milk goessour over 
time dueto the 
bacteria producing 
lacticacidaspartofa 
fermentationprocess. 


e Cola 
Suphuric acid Colacontains 
Used in the production of phosphoric acid, which 
fertilisers, thisstrong hasbeen linked tothe 
acid isa chemical found loweringofbonedensity 
inacid rain. invariousstudies. 


e 
Beer 
Variousacidsare formed 
duringthe fermentation 
process in beer production. 
Theaddition of CO, also 
causesthe pHto 
lowerslightly. 


Lemon juice 
Lemon juiceisabouts% 
citricacid ~aweak organic 
acid thatgiveslemonstheir 
sour taste. 


a 


Find pH with 
litmus tests 


We can test the acidity oralkalinity ofa 
substance using litmus paper. Litmus paper 
isthat which hasbeen treated with a mixture of 
10-15 natural dyes obtained from lichens. The 
dyes workas indicators, whereby upon exposure 
toacids(a pH lessthan 7) the paper turns red 

and upon exposure to bases (a pH more than 7) 
the paper turns blue. When the pH is neutral 

{pH equal to 7), the dyes cause the paper to 

turn purple. 

Red cabbage juice can also be used to 
distinguish between acidsand bases, as it 
containsa natural pH indicator called flavin’, 
Upon exposure to acid, flavin turnsa red colour, 
neutral solutionsappeara purple colourand 
basic solutions result in a greenish-yellow colour. 


| 
i 
Distilled water Hl 


Purewateris 
neutralasit Toothpaste 
containsthesame Acidictoothpastecan 
amountof positive putenamelatrisk of 
jonsasnegative decay, soaweakbase 
suchassodium 


ions, though most 
water isn’tpurein hydroxideisaddedin 


orderto regulatethe pH. 


Baking soda 
Aslightlysalty substance 
used asa base in foods to 


hydroxide in water, used to 
lease stomach aches caused 
Ibytoomuchacid. 


Neutralisation 


Aneutralisation reaction isthe combination of an 
acid and base that results ina salt and, usually, 
water. Instrong basesand acids, neutralisationis the 
result of the exchange of hydrogen and hydroxide 
ions, H+-and H- respectively, which produces water. 
With weak acidsand bases, neutralisation is simply 
the transfer of protons from an acid toa base. The 
production of water, with a neutral pH of7, indicates 
the neutralisation of the acidand base, while the 
resultant salt will often havea pH thatisalso neutral. 
Neutralisation hasa variety of practical uses. For 
example, as most plants grow best at neutral pH7, 


"4 a4 


Je. 2s afl ne/S0 an acid. tfkd 
vinegeriwitlriguitralise them 


af 


acidic or alkaline soil can be treated with chemicals 
to changeits pH. Inthe case ofacidicsoil thisis often 
calcium carbonate(chalk) orealclum oxide 
(quicklime). Another example isthe human stomach, 
which contains hydrochloricacid, However, too 
much canlead to indigestion, so the acid can be 
neutralised with a base suchasan indigestion tablet. 


How do an acid and base react to 
produce salt, water and heat? 


NaOH 


OH 


HCl 


Na 


Na OH 


Na* 


Sodium hydroxide 
Thisstrongalkali(abase 
soluble in water) hasa pH 
ofgor4. 


Ammonia 
solution 

When placed inwater, 
ammonia removes 
protons fromasmall 
fraction of thewaterto 
formammoniumand 
hydroxide. Itisusedin 

‘many cleaningproducts 
forits basicproperties, 


== 


carne 
hypochloriteat different 
strengths, makingita 
strong caustic base. 


Hydrochloric acid 
Witha pHof1ora, the H+ 
fonsofthisstrongacidare 
removed by the alkali. 


NaCl +H.O 


Neutralise 
Byremovingthe 
H+ ions, theallalt 
neutralises the 
acidand turns the 
ionsintowater. 


Water 
Neutral 


NaCl 
Neutralsodium 
waterof chloride, or 
pHyis __tablesalt,is 
produced, also produced. 


Base 


A 

compound 
which 

‘accepts’ 
hydrogen ions 
inanaqueous 
solution. 
Contains ions of 
the opposite 
charge. For 
example, 
hydroxide (OH-) 
which is 
naturally found 
inwaterandis 
negatively 
charged. 


rele 
cleanerscan be really 
causticand corrosive, 
helping to break down 
—— Caustic soda 
Chemically knownas 
sodium hydroxide, inits 
purest formitisawhite 
solidand can causesevere 
bumsduetoits 
highalkalinity. 


Anyone whos had a cold drink on a hot 
day has seen condensation in action 


various quantities 

depending onwhereitisin 

the atmosphere. The 
amountof water vapourair can hold is 
dependent on its temperature - with the 
amountdecreasing as theairitself 
begins to cool. The lower theair 
temperature, theless water the air is 
capableof holding. This increases the 
overall humidity of theairuntil- ifthe 
temperature drops low enough - the air 
hits what is knownas the ‘dew point’. 


Condensation 
This formswhen theair 
hits its ‘dew point. 


Cold glass 


Waterdroplets willform on 
the outside of theglass, 
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Air contains water vapour in 


Thisis the pointat which the excess 
water vapour literally condenses out of 
theairand forms water. 

What'sgenuinely fascinating is how 
this process differsdepending on the 
location of the air. Warm air that's cooled 
to the dew point due to expanding and 
rising forms clouds. The cooling ofa large 
amount ofair near the ground, however, 
will cause mist or fogto form. Airin 
contact with the ground will become 
dew fits dew pointis above o°C, or itwill 
become frost ifit’s below. 


Warm moist air 
Astheaircools, the 
amountolwater vapour 
air can hold decreases. 
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Steam 
Asthevapourcoolsand 
condensegjit produce 
visible 


Boilin 
water 


Vapour pressure 
vaporation occurswhen the 
s hes that of 
urroundingair 


How do these processes work, and is 
there a difference between them? 


The change ofstate 
fromasolid oraliquid 
toavapouris known 
as ‘evaporation’. This 

change ofstate occurs from the 

amount of energy the molecules 
have. Apart from atabsolutezero 

(27325°C), when moleculesare 

said to have zero energy, molecules 

are in constant motion and, as 
temperature increases, they gain 
moreandmore energy. 
Thisinturn increases their 
movement and, the faster they 
move, themore likely they are to 
collide with one another. When 
these collisions occur, a molecule 
can gain enough energy-and 


subsequently heat- to riseup into 
the atmosphere. 

However, there isa difference 
between evaporation of vapour 
and steam. While vapour can be 
said to beany substance ina 
gaseousstate at the same 
temperature as its environment, 
steam isspecifically vapour from 
water that is hotter than the 
surrounding environment, 
commonly seen when boiling. 
There isno difference in chemical 
composition of the two. Thesteam 
weactually observe is the vapour 
cooling and condensingasit leaves 
the hot water and enters the cooler 
surrounding air. 


States of matter explaines 


Every object on Earth fits into one or more of these phases, 
but how do they differ at an atomic level? 


Every single object is eithera 
Om solid, a liquid, a gas or some 

combination of the three. Some 

things can move between states, 
and some can't. Your bookcase is going to 
remaina solid, for example, but water 
changes depending on the temperature. A 
block of water ice though, still has the same 
chemical makeup as water in its gaseous form 
(steam), so what's the difference? Asolid 
object stays the same shape and takes up the 
same amount of space, or volume. Liquids 
take up the same amount ofspace but adapt 
tothe shape ofa containerand gases expand. 
To really see the difference, you'd need to 
check things outata microscopic level. 


Phase transitions 


No matter what the substance, the names of 
the state changes, or phase transitions, 
remain the same. When and how itchanges 
dependon the temperature and pressure, 
and there can besub-states (or mesophases) 
between each one. While the classic 
progression is from a solid toa liquid anda 
liquid toa gas, solids can directly transition 
to gasesand viceversa without ever being 
liquids. Sometimes scientists can 
determine the difference between 
substances by establishing their 
boilingand melting points. 


Melting 
Whenasolid turns toaliq y 
knownasmelting, Ithappens when 


thesolid isheated toa temperature 
referred toasits melting point. 


Structure 


Liquid 

Inaliquid state, particles, 
are close together but 
canstillmove freely. 


Ifyou looked at water in its various phases 
under a powerful microscope, you would see 
that the particles in each behave very 
differently. When it’sa vapour (steam), the 
water particles vibrate and are moving very 
quickly. They're looseand slide freely around 
with no particular arrangement. In 
comparison, liquid water particles also 
vibrate and can move around easily, but 
theyre moretightly packed and don’t move 
anywhere nearas fastas their gaseous 
counterparts, Finally, a block of solid ice 
doesn’t move (thats, the particles still vibrate 
but not enough to go anywhere}. This is 
because its particles are tightly and rigidly 
packed together in an ordered pattern. 


Freezing 
Liquids transition to 
solidswhen they reacha 
specifictemperature for 
thesubstance knownas 

its freezing point. 


Solid 
Particlesin olidsare 
densely packed and 

barely moveatall. 


States of 


matter 


land onarthiandorms 
Seven percent ofthe oceans 


Deposition 

Als led 

Pao, Plasma:the 
iswhena gas move 

Paine fourthstate 
without passing The three states of matter-liquid 


through the liquid considered the ‘lass 
phase,suchaswater reare otherstates of 
vapour turning to 
snowin clouds. matter exists 
state that can occur when certain gi 

are heated, causing some of the particles 
inthe gasto become onised. Ionisation 


Sublimation means thatthe number of electrons in 
Solidscan anatom isno longer equal to the 
COSC cewm@m  numberofprotons andsothe particles 
toagasthrough are either positively ornegatively 
sublimation;dry harged. Soplasmaasawholeis 


ice(solid carbon 
dioxide) turning to 
agasisaclassic 
example ofthis. 


neutral, asit'smade up of roughly equal 
numbers of positive and negative ions. 
ade predominantly of 
paces betweenthe 
axiesarefullofit.It'salso 
ntonEarthin phenomena like 
lightningand the polarauroras.Itcan 
ooandisusedin 


thingslikeTVs, lasersand neon signs. 


Gases have particles that 
movequicklyand are 
spaced widely apart. 


Condensation 
Condensation isthe 
mesophase betweena 
gasandaliquid. 


Vaporisation 
Liquids transform into gases 
through vaporisation, 


035 


work so efficiently? 


Superconductors may seem like perfectly ordinary materials, but turn 


down the thermostat and their superpowers are revealed... 


Superconductors are metals (such as 
lead) or oxides which conduct 
electricity with no resistance. 
‘There's just one catch - to display 
their superpowers, they need to be 
keptata frosty -260 or so degrees Celsius (-436 
degrees Fahrenheit). 

Peer inside a chunk of lead and you'll see row 
upon row of neatly packed ions, bathed ina 
swarm of electrons. These loose electrons are 
what conduct electricity - set them into motion 
and you have anelectrical current. Atroom 
temperature, the lead ions vibrateaway 
frantically. Froman electron’s perspective, it’s like 
trying to negotiate a crowded school corridor 
without dropping your books. Constant collisions 
between electrons and ions convert electrical 
energy into heat; this is resistance. 

Turnthe temperature downa few hundred 
notches though and the ion vibrations subside, 
creatinga stable lattice. Now, as electrons flow 
through, a new effect comes into play: distortions 
in the lattice force them into pairs. 

These unlikely unions trigger a weird quantum 
physics quirk: electron pairs throughout the 
material coalesce into a perfectly synchronised 
cloud, moving a bit like a school of fish. This 
means the swarm of electrons can move through 
the lattice with no collisions, and so no resistance. 

Thanks to thisastounding property, a huge 
currentcan be run through a superconductor 
without it overheating. This means that they can 
create incomparably powerful electromagnets. 
These are currently used in MRI scanners, 
supercomputers, particleaccelerators (like the 
LHC) and levitating maglev trains 


Here we take a journey through the last 
century in order to see just how far 
superconductors have come. 
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Thisisascanningtunnelling 
microgr 
taken througha micri 
asuperconductoronan atomic 
Ie. The top imag he 
superconductor’s top’ 
s surface shapeand featur 


‘oe 
ttetit 
fae 


Top metal superconductors 


Here are the best metal (Type 1) Lead 7.196 K 
superconductors with their Lanthanum 4.88 K 
critical transition temperatures- Tantalum 4.47 K 
thepointatwhichitisnecessary Mercury 4.5K 

to cool them before they will Tin3.72K 
superconduct 


1911 


Absolute zero 
Dutchphysicist Kamerlingh 
Onnesright)anda student 
create temperatures just 
aboveabsolutezeroand 
discover thatmercuryisa 
good superconductor. 


1933 


Levitation 

Meissner and Ochsenfeld 
discoverthe Meissner effect: 
the uncanny abilityof 
superconductors torepel 
magnetic ieldsandcause 
magnetsto levitate. 


1. Frozen lattice 2. Bending the 
Attemperatures approaching absolute e 
Find out how superconductors make life a zero, thesuperconductor’sions barely ‘Asanegatively charged 


vibrate, formingastablelattice. electron makesitsway 
whole lot easier for passing electrons, through, the positively 


charged ionsareattracted 


intoits path. 
6. No resistance 
Asacondensate, the cloud of 
electron pairsmoves together in 
periectunison, travelling 
unhindered through the 
superconductor, 
3. Electrons are 
drawn in 


This bendinthe lattice creates 
anarea of stronger positive 
charge, drawinganother 
electroninto thesamespace. 


~ 4, Electron pair 
5. Electron pairs ui Trapped ina tight space, the 
Aquirk ofquantum mechanics twoelectronsare forced 
allows electron pairsto join together despite their opposing 
forcesasa Bose-Einstein negative charges. 


condensate, knownasa BEC. 


Achilled superconductorrep 
magneticfields, allowing it to 
witatea magnet 


1935 1957 1986 2009 : 


London brothers BCS Hot stuff Hotter stuff 

FritzandHeinz London Bardeen, Cooperand Bednorzand Miller Today’ssuperconductivity 
reconcilesuperconductor | Schriefferpropose the discover the first temperature recordisset by 

theory toshow thatzero eponymous BCS theory of ‘high-temperature’ mercury barium caleium 
resistanceandtheMeissner | superconductivity, superconductor, which copper oxide, whichactsasa fr 
effectsbothstemfromthe | explainingelectronpairing. | _worksitsmagicuptoa superconductoruptoa 

samephenomenon. ItearnsthemaNobelprize. 4 high of-243C(-4057). °blistering’-18°C (-21"F). 
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Sep Sciencein action 


The physics of football 


Discover the science that lies behind taking the perfect free kick 


The likes of David Beckham and 
Cristiano Ronaldo are known, 
around the world for their 
expertise in the art of the free 

kick. Whether it’sa curler into the top 

corner ora thundering piledriver, free kick 
takingisavital part ofthe modern game. 

But how does science come into scoring the 

perfect goal? 

‘The guiding principle isthe Magnus 
effect. Investigated by German physicist 
Heinrich Gustav Magnus, this law of physics 
demonstrates that airflowis distorted 
aroundany spinning cylinder or sphereina 
certain way. 

Ifthe ball is spinninganticlockwise, the 
left side of it will experience less drag as it 
moves in the same directionas the airflow, 
while the right side spins against the 
onrushing air, increasing the drag. This 
createsa pressure imbalance, with the right 
side of the ball experiencing higher 


~ 1. Kick 


tospinanticlockwise, 


2. Airflow - 

Asthe ballspins through the 
air, thereisincreased dragon_ 
‘the right-hand sideand 
reduced dragon theleft. 
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‘The player kicks the ballon 
therighthandside, causingit 


pressureand the left side experiencing 
lower pressure. Itis this imbalancewhich 
forces the ball tomove to the area with 
lower pressure, thus curling to the left. 

But the Cristiano Ronaldo or Gareth Bale 
style offree kicksisa whole different ball 
game. The idea behind the immensely 
powertul, swerving free kick is imparting 
aslittlespinas possible. As the air flows 
over the ball, a boundary layer is produced, 
which isa cushion ofairthatsticks very 
tightly to the surface of the ball. Ifan 
imperfection in the ball disrupts this 
airflow, it will deviate in the air. 

Arapidly spinning football won't deviate 
much from its original course, buta ball hit 
flatly will, as itwill have more timeto move 
in the direction of the disruption. So when 
Ronaldo strikes the ball with little spin, any 
minor imperfection in the football will 
cause it to move during flight and outfox 
many a poor, bewildered goalkeeper. 


id Beckham made» 
theart ofthe ™~ 
one of his specialities 


4. Curl 


Pushed towardsthearea 
oflower pressure, the ball Phi 


curlsto the left. 


3. Pressure 

‘The drag imbalancecauses 
the left-hand side of theball to 
experience lowpressureand 
theright-handsideto 
experience higher pressure. 


Why footballs can 
be too round 


The official match ball for the2010 World Cup in South Africa, 
knownasthe Jabulani, caused consternation with goalkeepers 
and strikersalike. The lack ofpanels on the balland the use of 
internal stitching made it theroundest ball ever. However, the 
roundness of the ball causeda lot of confusion among players 
because ofits completely unpredictable swerving. Outfield 
players didn't like itbecause the lack of 

= = lau 


imperfections meant less grip between ball 
and foot, meaning that they struggled to 
impart spin on the ball. Meanwhile, 
goalkeepers couldn't anticipate the 
trajectory because itwould havea 

habit of suddenly slowing mid-flight or 
ballooning up, abitlikea plastic 

inflatable ball. 


wsics playsa massiverolein 
footballas wellasall othersports 
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Water slides 


Explaining the science behind these 
adrenaline-inducing attractions 


Water slides work by 
<p exploiting the power of 
the Earth's gravity, the 
lubricating properties of 
waterand thesmooth, friction- 
reducing surface of artificial plastic 
and fibreglass composites, in order to 
generate necessary force and 
momentum to propel riders through 
theirsystems. Slide construction 
tendstobe highly eccentric- tuned 
tomaximise g-forces experienced ~ 
with riders funnelled down twisting 
fibreglass tubes or gullies froman 
elevated positionwhich is 
typically between 10-40 degrees. 
Thereare three main types of 
waterslide: bodyslides, tube/raft 
slidesand mechanical hydro slides. 
The former is thesimplest design and 
relies merely on the relationship 
between the rider’s mass and the 
effect of gravity to propel them, 
with their changing position aided by 
the plastic, and the fluid properties of 


water, which help to restrict the 
amount of friction. Tube/raft slides 
operate along the same principle of 
bodyslides but introducean 


intermediary layer between therider 
andthe carrier-suchasarubber ring 


or foam sled allowing fora greater 
speed and angle ofattack when 
riding theattraction. 

Mechanical hydro slides, while 
bearinga resemblance toand 
exploiting similar force-generating 
methods of both aforementioned 
slide types, are more complex 
constructions. Here, ridersare 
propelled both downwardsand 
upwards byaseries of magnetsand/ 
or conveyor belts, which run exterior 
toorunderneath theslide's water 
flow. These hydro-magnetic water 
slides utilise linear induction motors 
to propel the rider's inner tube (a 
necessity for thisslidetype) up 
inclines that would not be possible if 
justexposed to natural forces. 


Whirlpools 


The often deadly 
vortex explainec 


» Whirlpools are formed by the 
risingand falling of fast-flowing 
water through ocean channelson 


theseabed. Due to this, tsunamis 
~as seen in Japan—are major whirlpool 
with their massive waves receding 
way from the shoreline. If this 
quantity of water is funnelled into 
narrow channels, a whirlpool can form, with 


creator 
quick 
mass 


a powerful vortex sweeping water towardsits 


entre ina downdraught, While whirlpools 
can be dangerous, with rare cases of people 
drowningin them, there have been no 
reported cases of boats actually beingsunkin 
theirvortices. @ 


Vortex 

Water is swept towards the whirlpool's centre 
inadowndraught. Smaller examples of 
whirlpools can be seen inyour bath at home 
andeven in small pond 


Terminate 

‘Waterslides terminate the rider's gathered 
momentum and speed by depositing them 
intoa large body of water, whichabsorbs 
and disperses their kineticenergy. 


Potential 

Atthe top of the waterslide the 
rider hasalargeamountof 
potential energy due to their 
height elativeto the ground. 


Rise and fall 

Whirlpools are caused by therisingand 

falling motion of fast-flowing water through 
in channels. 


Velocity 

Aided by the piasticand the water's 
lubricating properties, the rider's potential 
energy is converted into kineticenergy as 
they traveldown, increasing theirvelocity. 


G-force 
Duetotheeccentricdesign 

of the slide and increased acceleration, 
riders experience increased g-forces 
inbendsand loops. 


Naruto whirlpools, located in 
the Naruto Strait channel 


= tea 
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Unravel the force that forms stars 
ald keeps us on the ground 


, Ofall Isaac Newton's revolutionary 
) discoveries, perhaps none was more 

} ambitious than unravelling the 
enigma of gravity. In the 1660s, Newton 
saw anapple fall to the ground and dared toask, 
“Why?” Why doesn’t the apple drift slowly 
upward? Why does water always seek the lowest 
place? Why doesthe Moon stay in orbitand not 
catapult into space? In his day, it was a question of 
near-religious significance. 

Instead of meditating on divine mysteries, 
however, Newton drew up formulas. His law of 
universal gravitation, as presented in his 1687 
treatise Principia, states that every particle of 
matter in the universe attracts every other particle 
of matter in the universe with a measurable force 
called gravity (named for the Latin ‘gravitas, or 
weight). The strength of the gravitational force 
increases with mass and decreases with distance. 
Inotherwords, the largerthe object, the more 
gravity it exerts, and the closer youare to the 
object, the greater the pull, 
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Here's Newton's brilliantly 
simple formula for calculating 
the force of gravity between two 
objects, where miand mzare the 
masses of the two objects, ris the 
distance between the two objects’ centres of 
gravity, and G isthe universal gravitational 
constant: F=G ™,™m, 

3 

Perhaps the most surprising thing about 
Newton's law is its universality. Though it can be 
difficult to conceive, not only is there a 
gravitational attraction between the apple and the 
Earth, but there's also a gravitational attraction 
between you and the apple. Essentially, any two 
objects that have mass - whether cosmically huge 
like a galaxy or infinitely small like an atom - exert 
a gravitational force on each other. 

Ifthat’s true, though, why don’t we swerve 
toward the street when alarge truck passes, or get 
pinned to the base of a skyscraper? Because that 
‘big G’ in Newton’s equation is actually incredibly 


small - roughly 6.67%10-11 Newtons 
(square metres/kilograms); yes, the 
decimal point is 11 digits to theleft. 
Unless the combined mass of the two 
objects is very, very large, the force of 

gravity between them is undetectable. 

The Earth qualifies asa very, very large 
object with a mass of 5.97219 x 1024 kilograms 
(131664 x 1025 pounds). In comparison, your mass 
(not weight) is probably closer to 70 kilograms (154 
pounds). Ifyou plug the Earth’s mass into Newton’s 
equation as m1, your mass as m2, and thenuse the 
radius of Earth for r, you getan answer of 686 
Newtons (154.2 pounds force). 

Thatis the gravitational force between youand 
our planet - in other words, the force that your 
mass exerts through gravity, aka your weight on 
the surface of the Earth. Ifyou were to run the 
same numbers ata jumbo jet’s cruising altitude of 
around12,200 metres (40,000 feet) above sea level, 
however, you would actually exerta whole two 
Newtons less, because inthis case there isa 


Gravity through the Solar System 


As Newton theorised back in the seventeenth 
century, every particle of matter exerts a 
gravitational pull on every other particle of 
matter. Ifyou concentrate a largeamount of 
matter in one place, then it will createa much 
greater gravitational pull than a loose smattering 
of particles would do. 


Mercury Earth 
0.3789 


Mars 


1.00g 0.3779 


Scientists use the 
orbiting ISS to conduct 
experiments in the 
weakened gravity 370 
kilometres (230 miles) 
above the Earth's 
surface. In microgravity 
environments, flames 
aren't drawn upward by 
convection currents. The 
steady, slow-burning 
flame of microgravity 
allows scientists to 
better understand the 
combustion process. 


There are over goo satellites currently orbiting the Earth. 
But how do they stay in orbit without any engines? Satellites 
in orbit don’t require power because they're really in 
controlled freefall. A satellite is launched into space inthe 
nose of arocket. That rocket must provide enough thrust to 


Massis the measurement of how much matter 
theres inside aparticular object. The greater the 
mass, then the more gravitational influence it 
will possess. Every planet, moon, starand galaxy 
in the universe has different mass and therefore 
generates a unique gravitational pull that affects 
the celestial bodies around it. 


Jupiter 
2.369 


The mass of the Earth pullsa falling object 
toward the ground ata rate of 9.8m/s*(32.2ft/s"). 
Incontrast, the mass of the Sun is 333,000 times 
greater than the Earth. Asa result, a falling object 
near the surface of the Sun would be pulled 
downward ata rate approaching 274m/s* (899ft/ 
s*),28 times faster than on our planet. 


Uranus 
0.889g 


Neptune 
112g 


escape the surface gravity. Once in space, thesatelliteis 
released ona perpendicular trajectory. But instead of flying 
away from the planet, the satellite ‘fails’ intoan elliptical 
orbit that is determined by the long-distance gravitational 
pull of the planet. 


greater distance between your centre of gravity 
and thecentre ofthe Earth 

Thanks to Newton's second law of motion, we 
know that force equals mass multiplied by 
acceleration (expressed as f= ma). Using Newton's 
gravity equation on page 42, we figured out the 
gravitational force between you and the Earth. 
Since we know the combined mass of you and the 
Earth, we can then solve the acceleration of gravity 
(a=f/m), The answer, 9.8m/s* (32.2fU/s"), isalso 
knownas ‘little g’ Little g, like big G, isa constant, 
butit’s onlya constant for objects on or near the 
surface of the Earth. This means that little gon, say, 
the Moon or nearthe Sun isa whole different story. 

Littleg is critical as it explains why objects fall to 
the Earth ata consistent rate, even when they are of 
wildly different masses. For instance, ifyou pusha 
BMW Sedan anda bowling ball off the top ofthe 
Burj Khalifa hotel in Dubai currently the tallest 
building in the world - they will both hit the 
groundat exactly the same time. The exceptions 
are objects with low massanda lot of surface area, 
likea feather or parachute, which float down 
slowly as the result of upward drag. This wouldn't 
be the case, however, in an airless environment - 
for example, a laboratory vacuum or the surface of 
the Moon - where, believeit or not, the feather and 
the bowling ball would fall at exactly the same rate. 


What goes up... 


Notice that gravity is the force ofattraction 
between two objects; thatis, it’s a two-way process. 
Not only are youattracted to Earth with a force of 
686 Newtons (154.2 pounds force), but the Earth is 
attracted to you with an equal force. In fact, ifyou 
fall outofa tree and accelerate toward the Earth at 
9.8m/s*(32.2ft/s"), the Earth also accelerates 
towards you. But that’s impossible right? The 
world doesn't jostle out of orbit every time some 
klutz tumbles out ofa tree. The difference isin the 
rate of acceleration. Ifa = f/m and fis 686 Newtons, 
then the rate of acceleration gets slower andslower 
‘as mass gets bigger and bigger. Yes, the Earth 
technically accelerates towards you and every 
other falling object, but that rate ofacceleration is, 
so tiny -and the Earth's inertia and momentum so 
great - that no wiggle is remotely detectable, 

While Newton’s universal law ofgravitation 
gives us the physics to calculate the force and 
acceleration of gravity just about anywhere in the 
universe, it doesn’t explain what gravity is and how 
it works at an atomic level. 

Albert Einstein took up that challenge with his 
general theory of relativity, published in the early 
twentieth century, which explained gravityasa 
curve in the space-time continuum, Beyond our 
three-dimensional universe, Einstein argues, isa 
fourth dimension of space and time. Objects with 


A fun way to experience weightlessnesson Earthisto leaveit 
momentarily. The flight of this motorbike followsa parabolic 


curve-thesame path flown by NASAaircrafttoready 
astronauts forzero-gravity 


Acceleration 
Cruisingacross flatground, the 
bike experiences normal gravity 
asitreachesa speed ofaround 
104km/h (65mph). 


Horizontal to vertical 
When the bike hitsthe45-degree 
ramp it’sforced upward against 
gravity, increasing the gravity 
force~Gforce-felt by therider. 


‘Thesecond the motorbikeis 
airborne, the force of gravity 
drops tozero, giving therider 
aweightlesssensation. 


large masses, like planets, can warp the space-time 
dimension like a bowling ball ona trampoline. If 
you tryto rolla marble across the trampoline, it will 
be drawn toward the bowling ball. The same is true 
for planets as they swirl in orbit around a huge 
celestial body like the Sun, ora cosmic beam of 
light that bendsas it passes a black hole. 

But even Einstein's revolutionary theory didn’t 
explain the mechanism at work in gravity. What is 
it, exactly, that carries this force between two 
objects? Today, many physicists believe that the 
gravitational interaction is carried by undetectable, 
massless particles that are referred to as gravitons. 
Others talk of gravitational waves - barely 
detectable shockwaves of gravitational force 
created by the collision of neutronstars or the 
explosion ofa supernova. 

Despite the limits of our understanding, what 
began asan apple falling froma tree in the 
seventeenth century hasled to some remarkable 
insights into the mysterious forces that guide the 
universe, Gravity, the force that keeps our feet 
firmly on the ground and dictates global tides with 
the passing of the Moon, appears to be the same 
ancient force that bound together primordial 
cosmicelements to form the first stars and galaxies, 
Ifnothing else, it’s something to mull over the next 
time you're falling out ofatree.., 


True weightlessness 
Atthe top ofthe parabolicarc, 
theriderexperiencesthe closest 
thing to true weightlessness on 
Earth, minus the airresistance. 


NASA‘ Gravity Probe B isbeing used to test ~asseen in the framework belowrepresenting 
Einstein's general theory of relativity.Hesaid space-time. More massmeans more warping 
thatlargemasses,suchasplanetsandother _andgreater gravity, and Gravity Probe B's 
massive bodies, distort both space and time super-sensitive gyroscope can detect it. 


To calculate the acceleration of gravity, you need to know the 
distance between the centres of gravity of object oneand 
object two. But how do you work out these centres of gravity? 
Forthe Earth, the centre of gravity is the exactcentre ofthe 
sphere. The distance, then, between your centre of gravity 
and the Earth's centre of gravity is equal to the Earth’s radius. 


Measuring gravity 


Thanks to Newton, gravityisa measurable 
force. Not coincidentally, the international 

standard unit of force is called a Newton 

(N), On Earth’s surface, roughly 0.98N ~. 

equals the downward force of gravity on on 

100 grams of mass. Likewise, one kilogram 
of mass exerts a downward force of9.8N. To at 

calculate the force of gravity, physicists use gi 

the formula f=ma (force = mass x 

acceleration). Since the acceleration of 

gravity is 9.8m/s*on Earth-_iellittleg-we fi- 

can easily calculate the Newton force of y, 

any mass. The average person's mass is 70 

kilograms, which multiplied by 9.8 gives 
you 686N the force by which gravity keeps 
usall securely grounded. 


“Every object has the same 
acceleration of gravity near Earth” 


* ) Ahammervsa feather ( 


/ Newton's law of universal gravitation states that an object with \&_L 
greater mass will exert a greater gravitational force. But force isnot 
the same as acceleration. The question of which object lands first isa matter 
ofacceleration. When you do the maths, you find that every object - regardless ofits 
mass - has the same acceleration of gravity near the Earth's surface. Take a look: 
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Newton was inspired by many 
scientists including Robert Boyle, 
Simon Stevin and René Descartes 


Coming down Landing a= f/m; or a=(m x 9.8m/s*)/m; or a= 9.8m/s* 
Witha take-offspeed of1o4km/h ‘Onthe bike's landing, the rider 
(6smph),a bike launched froma experiencesgreater than normal 
a5-clegree ramp travels 22m (7oft) gravity. An inclined landing 
before gravity pullsit to Earth. ramp decreases the force. 


The only reason the feather falls slower on Earth is air resistance. Ina perfect vacuum 
like space, in contrast, the feather and the hammer land at precisely the same time. 


He’ssmiling now, butwait 
until he realiseshelefthis 
parachute in the plane... 


G-forces can befelt on 
fairgroupderices) 
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Intense acceleration in fast cars, fighter 
planes, rockets and roller coasters 


When you're hurtling down thesteel trackofa 
roller coaster, it mightseem that yourstomach 
is climbing into your throat, and your eyesare 
squishing deep into your skull. Several forces 
are at play when you feel that way. Earth is constantly 
pulling down on every one of us. Ithasa great deal of mass, 
and that gives italarge gravitational field. And when we 
take a sharp turnona fast ride, blast offina rocket, or slam 
on the brakes, we're thrown around by forces far stronger 
than Earth's gravity. But why? 

Engineers rate those experienceswith numbers called 
g-forces, to explain how strong theyare. Oneg istheamount 
offorce that Earth’s gravitational field exerts on your body 
when youare standingstill on the ground. Every particle 
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that makes up our planet is tugging on you simultaneously. 
Each oneof those pullsis quite weak, but combined they are 
strong enough to keep your feet on the ground.Fiveg 
acceleration, something that race car drivers regularly 
experience, is five imesas intense. Any time thatan object 
changes its velocity faster than gravity can changeit, the 
forces will be greater than one g. Atzero g, you would feel 
weightless. And past 100g, you're almost certainly dead. 
Forces that intense can crush bones and squash organs. 

Gravity is not the only source of g-forces. They take hold 
whenevera vehicle, likea car ora plane, suddenly changes 
its velocity. Speed up, slow down, ormakea turn, and your 
velocity will change. The faster it happens, themore force 
you will experience. 


Understanding g-forces 


To find out how many gs you experienced duringan intense 
acceleration, take your maximum speed, divideit by the time it took 
to hit that rate, and then divide by 9.81m/s*. The resultingnumber is 
> how many gs you experienced. 

Example: Put the pedal to the metal ina Bugatti Veyron and you 
will go from o-100kph in 23 seconds. 

_ 100kphis 28m/s, 28 / 2.3 =12m/s’, 12 / 9.8=1.28 


of half pipes 


Ina halfpipe. askateboarder 
Or will typically start at one end 

(deck), then roll down into the 

flat ofthe halfpipe. They carry 
enoughspeed and momentum to shoot up 
the other side, gaining ‘air’ to perform 
tricks before landingagainin the bowl of 
thehalfpipe. 


1. Potential energy 


Atthe deck of the halfpipe, before theskateboarder 


Kick, twist and grab your 
way through the physics 


2. Potential to 5. All potential 

kinetic When in theair, all the energy isnow potential energy 

‘i again. ftheskateboarder makes the landing, hecan 
saskatehountet: use that energy to reach the othersidea, 

travelsdown theslope rey tore: gain. 


ofoneside, the 
potential energy 
becomes kinetic 4. Kinetic to potential 
energy, giving them Astheridertravels up the oppositeslope, kinetic 
forward momentum, energy turns back to potentialas they move against 
the force of gravity, slowing them down. 


jumpsinto the halfpipe, they havea certainamount of 3. All kinetic 
potential energy, theresult of gravity pulling them down. Atthe flat bottom of the halfpipe, all of therider’s energy 6. Work 


7. Pumping 
The skateboarder crouches on entry to theflat 
and risesas they go upwards, tightening their 
radius of travel in the'circle’ and increasing their 
linearmomentum. 


iskineticenergy, so they areat theirmaximum speed. Maskateboarderwants 
togohigheratoneend, 
they need todosome 


Energyinahalfpipe = ‘Wasco 


Magnetismis the force of nature 
responsiblenot only for ourability to 
live ona rock floatingthrough space, 
butalso for major technological 
achievements that have advanced the 
humanrace like never before. Our computersrely on 
them, our livelihood on Earth depends on their 
principlesand our greatest science experiments 
the most powerful magnets ever created by man. 
Were it not for magnetism we simply would not 
exist, and Indeed without discovering the power of 
this fundamental force of nature, our life on Earth 
would bear no resemblance to whatit is today. 
Scientists overthe years have employed 
magnetism in new and innovative ways, delving 
into realms of particle physics otherwise 
unexplored, but let's take a look at how basic 
magnets are made. It’s fairly common knowledge 
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that objects can be magnetised, making them stick 
to other magnetic objects, and we know that things 
suchasa fridge or horseshoe magnet always have 
magnetism. To make permanent magnets like 
these, substances such as magnetite or neodymium 
are melted into an alloy and grounded intoa 
powder. This powder can be moulded into any 
shape by compressing it with hundreds of pounds of 
pressure. A hugesurge of electricityis then passed 
through it fora brief period of time to permanently 
magnetise It. Typically, a permanent magnetwill 
lose about one per cent of its magnetism every ten 
years unless it is subjected to a strong magnetic or 
electric force, or heated toa high temperature. 
Nowlet’s takea look at the magnets themselves, 
and what's in and around them. Surrounding ever 
magnetisa magnetised area known asa magnetic 
field that will exert a force, be it positive or negative, 


onan object placed within its influence. Every 
magnetalso hastwo poles, a northand south. Two of 
the same poles will repel, while opposite poles 
attract. Inside and outsidea magnet there are closed 
loops known as magneticfield lines, which travel 
through and around the magnet from the north to 
south pole. The closer together the field lines of this 
magnetic field are, the stronger it will be. Thisis why 
unlike poles attract - the magnetic forces are moving 
in the same direction, so the field lines leaving the 
south of one magnet havean easy route Into the 
north ofanother, creatingone larger magnet. 
Conversely, like poles repel as the forces are 
moving in opposite directions, hitting one another 
and pushingaway. It’s the same effectas other 
forces. Ifyou push a revolving door while someone 
pushes from the other side, the door stays still and 
your forces repel. Ifyou push in thesame direction, 


Nucleus Paired electrons 
Electrons ofan atom Moving electronscreate 
orbitaround thenucleus magnetism duetotheir 
inthesameway planets electriccharge, butin 


orbittheSun, but this 


mostatomselectrons 


Sowhat'sthedifferencebetweenthe _isduetothe cine tian 
atoms of magneticand non-magnetic Pato eee noresultant 
orce 


elements? Well, the main difference is 
the appearance of unpaired electrons. 
Atoms that have all theirelectrons in 
pairs can't be magnetised, as the 
magnetic fields cancel each other out. 
However, atoms that can be magnetised 
have several unpaired electrons. All 
electrons are essentially tiny magnets, 
sowhen they are unpaired they can 
exert their own force-_knownasa ‘ 
magneticmoment-ontheatom.When  Unpaired 
they combine with electronsin the electrons 
otheratoms, the elementasa whole 
gainsa northand south poleand 
becomes magnetised. 


not gravity, 


An object that can become 

magneticis full of magnetic 

domains, which are chunks of 

about one quadrillion atoms 

each. When the object is f 
magnetised, the domains line 

up toand point in the direction of the magnetic field 
now present. This is why a magnetic object is 
sometimes stroked with a magnet to magnetise it. It 
aligns the domains in one direction, so thatamagnetic 
field can flowaround the material. 


Jectronicmotd 
ies on magnets 


however, the door swings round and you eventually end 
up backat your starting point. 

The defining feature of magneticpolesis that they 
always occur'in pairs. Cuta bar magnet in halfanda new 
northand south polewill instantly be created on each of 
the twonew magnets, Thisis because each atom has its 
ownnorth and south pole, which we will talkabout later. 
However, the obvious question is why the polesare there 


Someatoms contain 
unpaired electrons, free to exert 
amagneticmoment (force)on the 
atom withanorth andsouth pole. asrigidcircles. 


magnetic force. 


Shells 

Electrons travel round 
thenucleusinshells, in 
cloud-like orbitsratherthan 
thecommon description ofthem 


Unmagnetised Scattered 
With nomagnetism, the object When asubstance thatcan be 
does nothavea northand south magneticisunmagnetised its 
pole, sothere isnomagnetic field domains goin random directions, 


present toalign the domains. cancelling eachother out. 


Magnetised Aligned 
Introducinga magnetorelectric When the domainsare ined 
current to the substance makes the up, thesubstanceasa whole 


becomesa magnet, with one 
endofitactingasanorth pole 
andthe othera south. 


domainsall pointin thesame 
direction, witha magnetictfield 
running from thenorth tosouth poles. 


inthe first place. Why do magnets haveto have these field 
lines moving from north to south? The answer involves 
magnetic domains. Itis best to picture a magnetas 
smaller magnet chunks put together. Each chunk (or 
domain) has its ownnorth and south poleand again, as 
explained before, magnetic field lines travel from north to 
south. Thismeans thatall thedomainsstick together, 
with their forces concentrated in the same direction. 
They combine to makea larger magnet, exactly the same 
effectas when two magnets are stuck together. Each 
domain has about 1,000,000,000,000,000(one quadrillion) 
atoms, while 6,000 domains are approximately 
equivalentto the size ofa pinhead. Domains withina 
magnetarealwaysaligned, but elements such asiron that 
can become magnetic initially have their domains 
pointing inrandom directions when the iron is 
unmagnetised. They cancel each other out untila 
magnetic field or currents introduced, making them 
point in thesame direction and magnetising theiron, 
which creates its own new magnetic field. 
Toreallyunderstand magnets, though, weneed to get 
into exactly what is happening inside these domains. For 
that, we need to get right down into theatom. Let’s take 
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Sep Science in action 


> anironatom, for example. Electrons 
circle the nucleus of an atom in 
cloud-like orbitals, commonly 
described as rigid shells (although in 
actuality, their motion is much more 
random). Each atom hasa particular 
number ofshells depending on how 
many protonsand neutronsit has, 
while within each shell electrons orbit 
in pairs. Electronsare justlike tiny 
magnets, each one having its own 
north and south pole. In their pairs, the 
electrons cancel outwith oneanother 
so thereis no overall magnetic force. In 
anatom suchas that of iron, however, 
this is not the case, Thereare four 
electrons thatare unpaired, which 
exerta magnetic force on the atom. 
Whenall theatomsare combined 
togetherandaligned, as we explained 
when talking about domains, the iron 
itself becomes magnetised and attracts 
other magnetic objects. 

So we've snapped our magnet, 
broken itinto chunks and subsequently 
examined theatoms of those tiny 
chunks. Butis there a way that we can 
we go even deeper? The answer to that 
isyesand no, as we delve into the 


zy 
Ly 
Field 
Bytapping the paper, the 
magreticfilingswill align 
alongthemagnetictield lines 
ofthemagnet that run fromits 
northto south pole. 
axis 
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Electromagnets 


One ofthe four fundamental forces in the universe, 
electromagnetism results from the interaction of 
electrically charged particles. Physicist Michael 
Faraday deduced that changing magneticfield 
produces an electric field, while James Maxwell 


discovered that the reverse isalsotrue: a changing 
electric field producesa magnetictield. Thisis the 
basis of how anelectromagnet works. 


unknownareas of quantum physics. 
The underlying principle of magnetism 
isthatin the universe there are four 
fundamental forces of nature; these 
consist of gravity, electromagnetism, 
the weak forceand the strongforce. 
Even smaller than atomsandelectrons 
are fundamental particles known as 
quarksand leptons, which are 
responsible for these forces. Any force 
~suchas gravity, magnetism, nuclear 
decay or friction - results from these 
fundamental life forces. A force such 
asmagnetismat this level is ‘thrown’ 
between particles on whatare 
knownas force carrier particles, 
pushing orpulling the other particles 
around accordingly. 

Unfortunately, at this level 
magnetism goes into the realm of 
theoretical physics, entering areas of 
quantum physics that have not 
been explored inasmuch detail as 
particle physics —at least for the time 
being. Fornow, thisstandard model 
ofphysics explains magnetism toa 
level that can only be furthered 
when we advance our understanding 
of quantum physics in the future. 
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ings f 
Byscattering tiny iron 
filingsaroundamagnet 
onpaper,itispossibleto 
\ visiblysee the magn 
fieldinaction. 


Electric fields 
Awirewrappedarounda 
magnetic core, suchasiron, 
produces electric fields when 
acurrentrunsthroughit, in 
turncreatinga magnetictfield. 
Coil 


‘Thenumber of coilswill increase 


because there ismorecurrent 
flowinginone direction, 


magnifying the force proportionally. 


thestrength of the electromagnet 


Earth’s magnetic field 


It’s bestto imagine the Earth as abar magnet12,400 miles (20,000km) long. 
The magnetic fields move around uslike they would ina fridge magnet, but 
theyalso protect us from the universe, Compass needlesalways point toa 
magnet'ssouth pole, sothe Earth's geographical north pole isactually 
magnetically south. 


Key: ———+ wandering path of the magnetic north 
‘© rotational north pole Magnetic movement 

‘The North Magnetic Pole moves up to. 
amma second because of changesin 
the core. In 2005 itwas pinpointed 


Fifect Eanes justoff Ellesmere Island in Canada, 
thaSon wedatincted butis now moving towards Russia. 
bytheEarth’s 
magneticfield, with Cause 
some trapped in bands ‘Themagnetic 
ofradiation. field ofany 
planet, including 
Earth, isthe 
Tilt result of the 
Thecentral circulation of 
‘barmagnet’ electrically 
ofthe Earth's conducting 
magnetictield, materialinthe 
the dipole, core, inourcase 
istilted ‘molten iron. 
approximately 11 


offthe Earth’saxis. 


South Magnetic 
Pole 


South is north 
Magneticfieldsalwaysrun 
fromnorth tosouth, sowhena 
‘compass points othe North 
Poleitisactually indicating 
southern magnetic polarity. 


Off-centred 


‘The magneticnorth and south poles donot draw 


astraight ine through the centre of theEarth. In 
fact, they miss by several hundred miles. 


Core 

Asdiscussed onthe previous page, 
thedomainswithin the coreare 
unaligned untila magnetic field is 
introduced, created bya moving 
currentin the coil. 


Magnetic field 
Thewire'smagneticield combines 
with the field of the core to produce 
astrongerfield, witha larger 
currentaligning more domains 
andincreasingitsstrength. 


Credit card 

Allcredit cardshavea black 
magneticstripe. Inside, tiny bits 
ofironareheld ina plasticfilm. 
‘These can be magnetised ina 
north orsouth direction tostore 
data. When you swipe the card 
througha machine, iniormation 
isread from the line of magnets. 


You'll be surprised at the number of 
magnets that are under your roof... 


Computer ~ 

Like credit cards, thestorage disks 
inside computersare coated with 
bits ofiron. By changing the 
magneticorientation of the iron, a 
pattern can becreated tostorea 
particular setof data. This pattern 
can beread by the computerand 
replicate the data onscreen. The 
monitoritself uses magnetsin the 
sameway asan old cathode ray 
tube TV (see television). 


Vacuum cleaner 
Electromagnetism isused here. A 
magnetically conducting 
materialisinside the motorof the 
vacuum cleaner. Whenanelectric 
current isintroduced toa coil 
around the material, repulsive 
forces make the motorspin. The 
material loses its magnetism 
when thevacuum isturned off. 


Doorbell 

Fora buzzersstyle doorbell, 
pressing the button movesand 
Teleasesa contact from an 
electromagnet to breakand 
completea circuit. Achiming 
doorbell, meanwhile, movesan 
ironcorethroughan 
electromagnetcoil and back when 
the buttonis pressed, hittingtwo 
chime barsin sequence, 


Speakers 

Using electromagnetism, most 
speakers containa stationary 
magnetandawirecoil insidea 
semi-rigid membrane. Whena 
currentrunsthrough thecoll, 
themembranerotatesin and 
outdueto the force between 
coiland magnet, creating 
vibrations that producesound. 
Phonespeakers usethissame 
mechanism, onlysmaller. 
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Microwave 
Insidea microwave oven isa magnetron, which 
contains magnets. Strong permanent magnetsare 
mountedinside thistube. When electricity passes 
through themagnetron, theresultantelectricand 
magnetic fields produce electromagneticenergy in the 
form of microwaves. 


Television 
Most modernLCD or plasma TVs don’t use magnets. However, older 
models usea cathode ray tube tofireelectronsagainst the back of 
thescreen, Coatedin phosphor, parts of thescreen glow when 
struck by the beam. Coils produce magnetic fields that move the 
beams horizontally and vertically to produce the desired picture. 


ould the geomagnetic 
storm of 1859be repeated? 


Buildings would survive: 
electronics wouldn't 
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What are you made of? 
Find out about the different materials that 
makeup the human body 


How your blood works 
Alookat the live-giving fluid 


Human respiration 
How weuse lungsto breathe 


A look inside your heart 
Anessential organ in humans, thislittle 
beater sets the pace of your life 


How do allergies affect us? 
Hay feverseems to beatanall-time high, 
so how does our body copewithallergy? 


Suffering with asthma 
Why this respiratory problem makesit 
hardto breathe 


Kidney function 
Filtering waste ta keep you healthy, 
kidneysare very hard workers 


How the liver works 
The ultimate multitasker, thisamazing 
organ is your body’s power generator 


The human hand 
Acrucial structure we take for granted 


How do your feet work? 
Keeping you on your toes 


The human skeleton 
Holding yourbody togetherisa tough 
scaffolding ofbones 


Muscle power 
Getting your body movingis all about 
push and pull 


What's inside your head? 
Essential elements that help youthink 


What are moles? 
These small skin blemis 
keepinganeyeon 


esare worth 


Why do we get spots? 


What causes those pimples on ourskin 


What are tonsils for? 
Just why do we have those fleshy 
lumpsatthe back ofour throats? 


The sensory system 
Oursenses help us to experience the 
worldaround us 


i 
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Red blood cells, 
canlive for up 
to 1a days 


The body 
comprises around 
75 trillion cells 


The human body is composed ofan 
estimated 7 octillion (which written 
| out is 7,000,000,000,000 
v ,000,000,000,000,000) atoms, 
making up over 75 trillion cells. 

Atthe atomic level, thehuman body comprises 
about 60 elements, but the function of many of 
them isunknown. In fact, 9 per cent of the 
human body is made from just sixelements (see 
chart for specific percentages). 

Like all other life discovered to date, we are 
carbon-based; the biomolecules that make up our 
bodies are constructed using frameworks made 
up of carbon atoms. Carbon isalmost unique 
among the elements; itissmall in sizeand can 
make four covalent bonds to otheratoms, 
allowing it to form the backbone of some ofthe 
key molecules that form the human body, 
including proteins, fats, sugars and DNA. The 
bondsare strong enough to hold the molecules in 
astablestructure, but not so strong that they 
cannotbe takenapart again, allowing the body to 
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Joumey inside the body to 
discover just what we are made of.. ~ 


breakand reform molecules overand overagain 
asit requires. 

Calcium is the most abundant mineral in the 
human body, anditplays the important role of 
regulating protein production and activity. 

Complex cascades of chemical reactions occur 
within the gel-like cytoplasm and 
organelles of cells - tiny structures that 
perform specificfunctions withina 
cell. Phosphorusis used to make 
adenosine triphosphate (ATP), 
which has high-energy phosphate 
bonds that can be broken in order 
to power cellular processes; ATP is 
essentially our cells’ fuel. 

Cellsare coated in receptorsand 
respond rapidly to environmental changes, 
communicating via chemical signals and 
electrical impulses. During embryonic 
development, chemical gradientstell developing 
cells where to go, and what cell type to become, 
resulting in anew person. 


os 
ais 
~ me i) the mate ceretral 
BR  cotexnas anaut 


23 billion neurons. 


rcrr¥ of skin 
can contain 7ocm 
of blood vessels 


9% of the 
body is made of Sa 
just 6 elements 
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Interestingly, the majority of the cells inthe 
human body are not human. Microbes make up 
between one and three per cent of our body mass 
and are important for helping us function. They 
have 8 million different coding genes for making 
proteins, compared to less than 39,000 in the 
human genome. 
The bacteria living in our digestive 
system provide essential support too; 
they ferment undigested 
carbohydrates, allowing us to 
access energy we couldn't 
otherwise,and they havea rolein 
the production of vitamins like biotin 
and vitamin K. They also prevent ‘bad’ 
bacteria from taking hold in the gutand 
making us unwell. Even more unusually, at least 
eight per cent ofthe human genomeis viral in 
origin. Retroviruses are able to insert DNAinto 
our chromosomes, and at several points in 
evolution genes that started out in viruses have 
joined with ourgeneticinformation. @ 


The long bones of the body, such as the femur 
(thighbane), contain two distinct types of bone 


Osteocyte 

The cellsthat formthe 
bone matrix eventually 
become trapped init. 
They help to regulate 
bone turnover. 


Blood vessels — 
Bone isametabolically 
active tissue anda good 
blood supply allows for 
mineral exchange. 


Osteoblast 

Osteoblasts make new bone, 
producing thecollagen scaffold. 
andlaying down minerals. 


Osteoclast 


Cortical bone 

The tough outer layer of 
bones contains densely 
packed cylindrical 
structures -osteons ~ 
formed from concentric 
layers of bone tissue. 


Trabecular bone 
Within the ends oflong 
bonesisa looser, 
honeycomb structure, 
where calcium is released 
from storage as required. 


Osteoclasts are related to cells of 
the immune system and digest 
old bone to release minerals and 
allow for remodelling. 


Astrand of hair can be divided into three distinct regions 


Matrix 
Cells of the matrix divide 
to produce new hair. 


Papillae 

Blood vessels supply 
nutrients to the cells of 
the matrix and root. 
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Oxygen: 65% 
Carbon: 18% 
Hydrogen: 10% 
Nitrogen: 3% 
Calcium: 2% 


Phosphorus: 1% 


Skin has several layers with a unique function 


Stem cells 

Alayer of stem cellsat 
the base of the epidermis 
divides to form new skin 


Cornified layer 
Thevery outer layer of 
theskin consists entirely 
offlattened, dead cells. 


cells, which push These providea 

upwards to replace the protective barrier. 

cand ee Epidermis 
The outer layer ofskin is, 
formed of cells known 


Dermis 
Connective tissue 
below the epidermis 
provides cushioning 
and support. Italso 
carries the blood A 
vessels that supply 

theskin cells, 


Fat 

Alayer of subcutaneous 
adipose tissue provides 
cushioningand insulation, 
aswellas energy storage. 


- Cuticle 
The outside of the hairis 
made oflayers of flattened 
cells that overlap, 
protecting the hair. 


- 
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askeratinocytes. These 
cellsarrange 

ina multilayered 
tilestructure. 


Papillae 

The bumpy structure 
between the dermis 
and epidermis helps 
toanchor the two 
layers together, 
preventing them 
fromslipping. 


Epidermis 
Dermis 


>Subcutis 


Medulla 

Anopen, 
unstructured corein 
the centre of the hair. 


Cortex 

The body of the hair is made 
from coiled strands of keratin. 
Melanin granules within the 
cortex lend it itscolour. 


Skeletal muscle: 36-42% 


Fat: 13-20% 


Bone: 12-20% 


Skin: 16% 


Br 


2% 
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Cell membrane 
The cell is enclosed 


Cytoplasm 
The cell is filled 


The nucleus stores all sorts 
ofgeneticinformation 


witha gel-like ina membrane, 
substance that which regulates the 
contains thousands transport of 


substances in and 


ofproteins, 4 
~ outofthe cell. 


Nucleus 

Genetic information 
isstored inside the 
nucleus. Different 
genes are used by 
the cell depending 
onitstype. 


Free ribosome 
Ribosomesread RNA 
messages from the 
nucleusand 
construct proteins. 


Mitochondrion 
Mitochondria 
convert glucose to 
ATP, whichis used to 


There are thought to be over 200 power the cell. 


different types of cell in the human 
body, each specialised to perform a 
particular function. Despite these 
specialisms, their basic underlying 
biology is the same. 

Cells contain a nucleus, which houses 
the 46 chromosomes, containing the 
complete set of instructions to synthesise all 
of the proteins found in the human body. 
Depending on the type of cell, different genes 
are switched on and off, determining which 
proteins the cell will produce. 

Proteins for use inside the cell are created on 
ribosomes in the cytoplasm. The ribosomes read the 
genetic message and assemble the corresponding protein 
using amino acids as building blocks. Proteins to be exported 
from the cell - for example, antibodies or digestive enzymes - are 
constructed within a series of membranes. Here they gain a number 
of modifications which enable them to survive the harsh environment 
when they leave the cell to travel around the body. 


Endoplasmic 
reticulum 
Proteins that are 
tobe exported 
from the cell are 
made insidea series 
of membranes. 
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Muscle and movement 


Skeletal muscle is responsible for moving the 
skeleton. It is composed of bundles of muscle 
fibres, sheathed in a strong collagen matrix, wh 
extends into tendons that attach to the bone. 

Within each muscle fibi molecular ratchet: 
system made from the proteins actin and myosin. 
As the protein filaments slide past one 
another, the muscle fibre contract 

ngthways and the fibre shorte 

Muscle fibres can be broadly 
categorised as being either ‘fast 
twitch’ or ‘slow twitch’. Fast-twitch 
fibres use high-speed anaerobic 
respiration to produce rapid 
movements, but fatigue quickly. 
In contrast, slow-twitch fibres us 
sustainable aerobic respiration and produc 
slower movement for longer periods of tim 

The pr w and fast-twitch fibres 
affects athletic performance, eg long-distance 
runners have a higher proportion of slow-twitch 
fibres than sprinters. Whether muscle fibres can 


change from one to another is under investigation. 


Cardiac muscle 

Type: Heart 

Like skeletal muscle, cardiac 
muscle isstriated. 


Connections between the / 
cellsallow thecontractionto J 
passinaco-ordinatedwave | 

across the heart. 

Smooth muscle 4 
Type: Involuntary f. 

The smooth muscle 

that lines internal é 

structures is more 

elasticthanskeletal JF | 


muscle, allowing 
the intestines and 


bladder, etc, to j ] 
contracteven 


whenstretched. 


Muscles are attached 
to bones by bundles of 


Each layer within the muscle 
issurrounded by a sheath 
of collagen fibres to resist 
stretching and distribute load. 


Epimysium ~~ 
The entire muscle is 
enclosed ina tough, 
protective sheath of 
connective tissue, 


Skeletal muscle 

Type: Voluntary 

Skeletal muscle is responsible 
for moving the skeleton. Under 
the microscope it has 
characteristic striped bands, 
representing the contractile 
components within the cells. 


Each fascicle contains 
abundle of 10-100 
muscle fibres. 


Muscle fibre 

Each muscle fibre isan 
individual cell, packed 
with contractile proteins. 
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The brain is made up of two major types of 
cells: neurons and glial cells. 

The neurons of the brain are highly 
specialised cells, interconnected by long, 
branching processes. They communicate 
through electrical ‘action potentials’, which 
can travel along the axons at speeds of 1-100 
metres (3.3-328 feet) per second. 

When an action potential reaches the 
synapse at the end of a nerve, it triggers the 
release of chemical transmitters, which bind 
to receptors on neighbouring nerves. 
Depending on the combination of 
neurotransmitters released - and the timing 
~ the target nerve will fire, propagating the 
signal through the brain. 

Glial cells, on the other hand, provide 
support to the neurons and have a variety of 
specialist functions. Astrocytes help to take up 
excess neurotransmitters from synapses, 
preventing neurons from damage due to 
excessive stimulation, while oligodendrocytes 
form fatty sheaths in order to insulate nerve 
cells in the brain and spinal cord. 

The brain has significantly more protection 
than the other organs of the body. It is 
shielded from mechanical stress by the thick 
bones of the skull and is suspended in a 
cushion of cerebrospinal fluid. At the 
microscopic level, the brain is protected from 
potential hazards in the bloodstream by the 
blood-brain barrier - the cells lining the 
capillaries are joined together by tight 
junctions, controlling the passage of all 
molecules and bacteria into the organ. 
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Cerebellum 

The cerebellum has an 
important role inthe 
co-ordination and 
timingof movement. 


Ascan 
ofanormal 
brain (right) a1 


supporting: 


Hypothalamus 
The hypothalamus 
controls many vital 
biological functions, 
including circadian 
thythm, hunger, thirst 
andbody temperature. 


iN 


Pons 
Thenuclefin the pons 
control many functions, 
including sleep, 

| breathing, swallowing, 
| bladder function and 
facial expressions, 


Medulla oblongata 
The lower half of the 
brainstem is responsible 
for controlling vital 
involuntary functions like 
breathingand heartbeat. 


§ 


another with Alzheimer’s (left) 


ti 


cells (red/pink) and 
een) inthe 
pinal cord. Blue points are 
cell nuclei ° 


Posterior pituitary 
The nervesin the 
posterior pituitary release 
the antidiuretichormone, 
which inhibits urine 
production and axytocin, 
the bonding hormone. 


Anterior 
pituitary 
‘Theanterior pituitary 
generates several 
different hormones, 
controllinggrowth, 
thyroid function, 
fertility and stress. 


The human body changes as it ages and the peak 
time for organ functionality is thought to be 
around the age of 30. The body has amazing 
capacity for regeneration, but cells can only divide 
a finite number of times, and as we get older our 
ability to repair damaged tissue decreases. 

Dramatic changes, such as the menopause, 
produce obvious effects on the body. Female sex 
hormones are not just involved in reproduction, 
but also play a role in other processes, such as the 
maintenance of bone density. In the absence of 
oestrogen, bone mineral density decreases, which 
can lead to osteoporosis. A similar, but less 
dramatic, effect can be seen in men as. 
testosterone levels begin to drop. 

Similar decline in functionality can be observed 
throughout the human body; collagen in the skin 
begins to decrease, insulated axons in the brain 
shorten, and DNA damage accumulates, leading 
to an ever greater risk of cancer. 

However, it's not all bad. Life expectancy is on 
the increase, and scientists are coming closer to 
understanding - and being able to slow - the 
complex processes of human ageing. 


Asthe body gets older 
|, becomes more susceptible to 
faulty cells that cause cancer 


Arthritis is the main eause 
of disability in over-§5sin 
industrialised cougttrl 


Hair loss 
Dihydrotestosterone (DHT) 
interacts with the cells of the 
hair follicle, gradually slowing 
down hair growth, and 


causing hair to become thin 
and weak. Eventually the 
follicles become dormantand 
the hairis lost completely. 


Eyesight 

Asthe lens ofthe eyeagesit 
becomeslessflexible, which 
makes focusing on a range of 
distances more difficult. It 
also gradually clouds over, 
leading to blurring of vision 
and sometimes cataracts. 


Smell 
Mammals have the capacity 
to regenerate lostolfactory 
receptors, however this 
ability decreaseswith age. 
Older adults have fewer 
nerve fibres in the olfactory 
bulb and fewer sensory 
receptors, leadingtoa 
reduced sense of smell. 
Hearing 
The auditory hair cells of 
theinnerearare delicate 
and, over time, become 
damaged or die. Unlike 
other cellsin the body, 
these specialist sensory 
receptorsare unable to 
regrow, leading to 
permanent hearingloss. 


Wrinkles 
Fibroblasts are responsible for 
producing the collagen 
support network that lies 
beneath theskin, Asweget 
older, the cells produce less 
and less collagen, contributing 
to the formation of wrinkles. 
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The human body 


blood w 


The science behind the miraculous fluid 
that feeds, heals and fights for your life 


White blood cells 
White blood cells, or leukocytes, 
are theimmunesystem’s best 
weapon, searchingoutand 
destroying bacteriaand 
producingantibodiesagainst 
viruses. Therearefive different 
typesofwhite blood cells, allwith 
distinctfunctions. 


Platelet 
Whenactivated, these sticky cell 
fragmentsare essential to the 
clotting process. Plateletsadhereto 
wound openingtostem theflow of 
blood, then they team witha protein 
called fibrinogen to weave tiny 
threads that trap blood cells 


Red blood cell —$_ =e 
Knownas erythrocytes red blood 

celisare the body’sdelivery 

service, shuttling oxygen from the 

Jungsto living cellsthroughout the 

body and returningcarbon 

dioxideaswaste. 


Blood vessel wall 

Arteries and veins arecomposedof three 

tissue layers, a combination of elastictissue, 

connective tissue andsmooth muscle fibres Granulocyte 

that contract under signals from the Themostnumeroustype of white blood cell) 

sympatheticnervous system. granulocytes patrol the bloodstream dest 
invading bacteria by engulfingand! 
them, often dying inthe process. 


Bp Blood is the river oflife. Itfeedsoxygen 
and essential nutrients to living cells 
inthe body and carriesaway their 
waste. It transports the foot soldiers of 
theimmunesystem, white blood 

cells, which seek outand destroy invading bacteria 
and parasites. And it speeds platelets to the site of 
injury or tissue damage, triggering the body's 
miraculous process of self-repair. 

Blood looks likea thick, homogenous fluid, but it's 
more likea watery currentof plasma-whichisa 
straw-coloured, protein-rich fluid - carrying billions 
of microscopicsolids consisting of red blood cells, 
white blood cellsand cell fragments called platelets. 
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Bloodisa mix of solids and liquids, ablend of highly specialised 
cells and particles suspended ina protein-rich fluid called 
plasma, Red blood cells dominate the mix, carrying oxygen to 
living tissue and returning carbon dioxide to the lungs. For 
every 600 red blood cells, there isa single white blood cell, of 
which thereare five different kinds. Cell fragments called 
plateletsuse theirirregular surface to cling to vessel wallsand 
X initiate the clotting process. 


54% 
Plasma 
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The distribution is far from equal. Over half of blood 
isplasma, 45 percentis red blood cellsandaatiny 
fragment, less than one per cent, is composed of 
white blood cellsand platelets. 

Red blood cells are so numerous because they 
perform the most essential function of blood, which 
isto deliver oxygen to every cell in the body and 
carry away carbon dioxide. Asan adult, all ofyour 
red blood cells are produced in red bone marrow, 
thespongy tissue in the bulbous ends of long bones 
andatthe centre of flat bones like hipsand ribs. 
Inside the marrow, red blood cellsstart outas 
undifferentiatedstem cells called hemocytoblasts. If 
the body detectsa minuscule drop in oxygen 


Boneémarrow contribiitesfour per 
ent ofa person’stotal weight 


carrying capacity, a hormoneis released from the 
kidneys that triggers the stem cellsto become red 
blood cells. Because red blood cells only live120 
days, the supplymust be continuously replenished; 
roughly2 million red blood cellsare born to replace 
dying ones every second. 

Amature red blood cell does not havea nucleus. 
The nucleus comes out during the final stages of the 
cell's two-day development before taking onthe 
shape ofa concave, doughnut-like disc. Like all cells, 
red blood cells consist mostly of water, but 97 per 
cent of their solid matter is made up of haemoglobin, 
which isa complex protein that carries four atoms of 
iron. Those iron atoms have the ability to form 
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f The human body 


6. Reuse and 


a% 


Waste 
excreted 


5. Ironions 

Inthe belly of Kupffer cells, 
haemoglobin moleculesaresplitinto 
hemeand globin, Hemeis broken 
down furtherinto bileand ironions, 
some of whichare carried backand 
stored inbone marrow. 


4, Ingestion 

‘Specialised white blood cellsin he liverand 
spleen called Kupffer cells preyon dyingred 
blood cells, ingesting them wholeand breaking 


them down into reusable components. 


> loose, reversible bonds with both oxygen and 
carbon dioxide - think of them as weak magnets 
~and this is what makes red blood cells suchan 
effective transport system for respiratory gasses. 
Haemoglobin, which turnsa brightred colour 
whenever itis oxygenated, is what gives blood its 
characteristic crimson colour. 

In order to provide oxygen to every living cell in 
the body, red blood cells must be pumped through 
the body's circulatory system. The rightside of the 
heart pumps CO -heavy blood into the lungs, where 
itreleases its waste gassesand picks up oxygen. The 
left side of the heart then pumps the freshly 
oxygenated blood back out into the body througha 
system ofarteries and capillaries, some of which are 
as narrowasasingle cell.As the red blood cells 
release their oxygen, they pick up carbon dioxide 
molecules and then course through the veins back 
toward the heart, where they are pumped back into 
the lungs to ‘exhale’ the excess CO, and collect some 
more precious, 
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Asfortheglobinandother cellular 
membranes, everything is 
converted back into basicamino 
acids, some of which will be used to 

createmore red blood cells. 


t 

oe 
®e° Lifecycleof ™~ 
red blood cells 


Everysecond, roughly 2 million red blood cells decay and die. The 
body is keenly sensitive to blood hypoxia - reduced oxygen 
carrying capacity ~ and triggers the kidney to release a hormone 
called erythropoietin. The hormone stimulates the production of 
more red blood cells in bone marrow. Red blood cells enter the 
bloodstream and circulate for 120 days before they begin to 
degenerateand are swallowed up by roving macrophagesin the 
liver, spleenand lymph nodes. The macrophages extract iron from 
the haemoglobin in the red blood cellsand release it back into the 
bloodstream, whereit binds toa protein that carries it back to the 
bone marrow, ready to be recycled in fresh red blood cells. 


White blood cells are greatly outnumbered by red 
blood cells, but they are critical to the function of the 
immune system. Most white blood cells are also 
produced in red bone marrow, but white blood cells 
~unlike red blood cells - come in five different 
varieties, each with its own specialised immune 
function. The first three varieties, collectively called 
granulocytes, engulfand digest bacteria and 
parasites, and playa role inallergicreactions. 
Lymphocytes, another type of white blood cell, 
produce antibodies that build up ourimmunity to 
repeat intruders. And monocytes, the largest of the 
white blood cells, enter organ tissue and become 
macrophages, microbes that ingest bad bacteria 
and help break down dead red blood cells into 
reusable parts. 

Platelets aren't cells atall, but fragments of much 
larger stem cellsfound in bone marrow. In their 
restingstate, they look like smooth oval plates, but 
when activated to forma clot they take onan 
irregular form with many protrudingarms called 


1. Born in the bones 
When the bodydetectsa low oxygen 
carryingcapacity, hormones released from 


the kidney triggerthe production of new 
red blood cellsinsidered bone marrow. 


2. One life to live 
Mature red blood cells, 
alsoknownas 
erythrocytes, are 
stripped of their nucleus 
inthefinal stages of 
development, meaning 
they can'tdivideto 
replicate. 


3. In circulation 
Red blood cells pass from the 
bone marrow into the 
bloodstream, where they 
circulate for around 120 days, 


pseudopods. This shape helps them stick to blood 
vessel wallsas well asto each other, forminga 
physical barrieraround woundsites. With the help 
of proteins and clotting factors found in plasma, 
platelets weavea mesh offibrin that stems blood 
loss through thewound and triggers the formation 
of newcollagen and skin cells. 

Buteven these three functions of blood - oxygen 
supplier, immune system defenderand wound 
healer - only begin to scratch the surface of the 
criticalrole of blood in each and every bodily 
process. When blood circulates through thesmall 
intestine, itabsorbs sugars from digested food, 
which are transported to the liver to be stored as 
energy. When blood passes through the kidneys, itis 
scrubbed of excess urea and salts, waste that will 
leave the body as urine. The proteins in plasma 
transport vitamins, hormones, enzymes, sugarand 
electrolytes. Pause fora second to listen to your 
pumping heartand be thankful for the riverof life 
coursing through your veins. 


‘Thisrare geneticblood disorder 
severely inhibits the clotting 
mechanism of blood, causing 
excessive bleeding, internal 
bruisingand joint problems. 
Plateletsare essential tothe 
clottingand healing process, 
producing threads of fibrinwith 
help from proteinsin the 
bloodstream called clotting factors. 
Peoplewhosuffer from haemophilia ~ 
almost exclusively males-are missing one of 
those clotting factors, makingiit difficult to seal 
off blood vesselsafter even minor injuries. 


Blood is a delicate balancing act, with 
the body constantly regulating 


Thalassemia 
100,000 newbornsay 
year worldwide 


One of themost common genetic 
blood disorders, hemochromatosisis 
themedical term for “iron overload,” 


inwhichyourbody absorbsand 


stores too much iron from food. 
Severity varies wildly, 

andmany people experience few 
symptoms, but otherssuffer 
seriousliverdamageor 


=e . oxygen flow, iron content and clotting scarring (cirrhosis), irregular 
* q ah heartbeat, diabetesand even heart 
ha. \ ability. Unfortunately, there are failure. Symptomscan beaggravated 
4 |. bytakingtoomuchvitaminc. 


> several genetic conditions and 
- chronic illnesses that can disturb 
the balance, sometimes with 


—_ 
" % deadly consequences. 
\ “ Leftto right: a red blood cell, 
— platelet and white blood cell 
. » 
& ‘a 
4 


More than a one-trick pony, your blood 


isa vital cog in the healing process 
Think of bloodas the body’s 
emergency response team toan 
injury. Platelets emit signals 
that encourage blood vessels to 
contract, stemming blood loss, 
and then collect around the ny 
wound, reacting witha protein 
in plasma to form fibrin, a tissue 
that weaves into a mesh. Blood 


2 o'@..* ie Se sls. 
flow returnsand white blood fev v 
cells begin to hunt for bacteria. 
Fibroblasts create beds offresh_ INJURY HAEMOSTASIS INFLAMMATORY STAGE —_ PROLIFERATIVE STAGE 
collagenand capillariestofuel | Whentheskinsurfaceiscut,tom Activated platelets aggregate Oncethewoundiscappedwitha _Fibroblastslayfresh layers of 


skin cell growth. The scab orscraped deeply enough, blood 


i seeps from broken blood vessels 
beginstocontract, pullingthe tof! thewound, Tostem the flow 
growingskincellstogetheruntil Sypleeaine theblocdvexecls 
damaged tissue is replaced. around thewound constrict. 


around thesurface of thewound, 
stimulating vasoconstriction. 
Platelets reactwith a protein in 
plasmatoformfibrin,aweb-like 
mesh ofstringytissue. 


dryingclot, blood vesselsre-open 
and release plasma and white 
blood cells into the damaged 
tissue. Macrophagesdigest 
harmful bacteria and dead cells. 


collagen insidethe wound and 
capillaries begin tosupply blood 
forthe formingofnewskin cells, 
Fibrin strandsand collagen pull 
thesides ofthewound together. 
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Human : 
respiration 


Respiration is crucial to an organism's survival. The process of respiration 
is the transportation of oxygen from the air that surrounds us into the 
tissue cells of our body so that energy can be broken down 


The primary organs 
used for respiration in 
humansarethe lungs. 
Humans have two 
lungs, with the leftlung 
being divided into two lobesand the 
right into three. The lungshave 
between 300-500 million alveoli, 
which is where gas exchange occurs. 

Respiration of oxygen breaks into 
four main stages: ventilation, 
pulmonary gas exchange, gas 
transportation and peripheral gas 
exchange. Each stage is crucial in 
getting oxygen tothe body's tissue, 
and removing carbon dioxide. 
Ventilation and gas transportation 
need energy to occur, as the 
diaphragm and the heartare used to 
facilitate these actions whereas gas 
exchanging is passive. Asairis drawn 
into thelungsata rate of between 10- 
20 breaths per minute while resting, 
through either your mouth or nose by 
diaphragm contraction, and travels 
through the pharynx, then the 
larynx, down the trachea, and into 
one of the two main bronchial tubes. 
Mucusand cilia keep the lungs clean 
by catching dirtparticles and 
sweeping them up the trachea. 

Whenair reaches the lungs, oxygen 
is diffused into the bloodstream 
through thealveoli and carbon 
dioxide is diffused from the blood 
into the lungs to be exhaled. Diffusion 
of gasesoccurs because of differing 
pressures in the lungsandblood. This 
isalso the same when oxygen 
diffuses into tissue around the body. 
When blood has been oxygenated by 
the lungs, itis transferred around the 
body towhereit is most needed in the 
bloodstream. Ifthe body is 
exercising, breathing rate increases 
and consequently so does heart rate 
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to ensure that oxygen reaches tissues 
that need it. Oxygen isthen used to 
break down glucose to provide 
energy for the body. This happensin 
themitochondria of cells. Carbon 
dioxide is one of the waste products 
of this process, which is why we geta 
build-up ofthis gasin our body that 
needs to be transported back into the 
lungs to be exhaled. 

The body can also respire 
anaerobically, but this produces far 
less energy and, instead of producing 
CO, asa byproduct, lacticacid is 
produced. The body then takesa little 
timeto break this down after eyertion 
hasfinished, as the body hasa 
so-called oxygen debt. 


Lungs are the major respiratory 
organ in humans 


Pulmonary 
artery 


la 


Nasal passage/oral cavity 
‘Theseareasarewhereairentersintothe 
body so that oxygencan be transported 
intoandaround thebody towhereit’s 
needed, Carbon dioxidealso exits 
through theseareas. 


\ 


y ie 


YG x 
LG 37 
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Alveoli 

‘Theaheoliaretiny littlesacs 
whicharesituatedattheendof 
tubesinsidethelungsandarein 
directcontactwith blood. Oxygen 
and carbon dioxide transfer toand 
from the blood stream through 
thealveoli. 


Bronchial tubes 
‘These tubes lead toeitherthe 
leftorthe right lung. Air 
passesthrough these tubes 
into thelungs, where they 
pass through progressively 
smallerandsmaller tubes 
until they reach the alveoli. 


intotheirbody, and expands ona regular, constant basis. 
Whenitcontracts, the diaphragm pullsairinto 
thelungs bya vacuumlike effect. The lungs 
expand to fill the enlarged chest cavity 
andairis pulledright through 
the maze of tubes that 
makeup the 


lungsto 


Airispulled into thebody 
through the nasal passagesand 
then passes into the trachea. 


Ribs where oxygen isneeded 
‘These provide tobreak downglucose, 
protection arte intoa usable form of 
lungsandot energy for the body. 
internal organs that a bie 
aresituatedin the 
chest cavity. Tissue « 
Oxygenarrives 
where energy is, 
needed, andagas 
exchange of, 
‘oxygen and 
carbon dioxide 
occursso that 
aerobic 


Pharynx: Chest cavity 
Thisispartof both the} Thisisthespace 
ye eat P thatisprotected 
panei The intake of oxygen into the body is complex tater. whore 

‘ : ; lun 
tissuecalled the Breathing is not something that we have to thealveoliatthe ends, whichare the final hear 
bape cei thinkabout, and indeed is controlled by muscle _ branching. The chest will beseen to rise (Arm situated. The 
CSocEWhEnEn contractions in our body. Breathing is because of this lung expansion. Alveoliare a. space changesas 
individual takes food controled bythediaphragm, whichcontracts surrounded by bload vessels andoxygenand {ea ae 


carbon dioxide are then interchangedat this \ 
point between thelungsandtheblood.Carbon 
dioxide removed from the bloodstream 
and air that was breathed in butnot 
used is then expelled from the 

lungs by diaphragm expansion. 

Lungs deflate back toa reduced 

size when breathing out. 


nn 


Deoxygenated blood 
arrives backatthe be 
lungs, where another 

gas exchange occursat 
thealveoli. Carbon 

dioxide isremoved 
andoxygenisplaced | 

backinto the blood. \ 
Diaphragm - 
Thisisasheet of musclesituated at 
the bottom of therib cagewhich 


a 


contractsand expands to drawair ~ Rib cage 
intothelungs. Thisisthe bone 
structure which 

protects the organs. 

Leslie The ribcage a 
mars moveslightly to 
oxygenated blood away allow far hung 


from thelungs around 


thebody towards tissue, si aaa 


respiration can 
occurwithincells. | 
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Superior and inferior 


e e 
vena cava 
These largeveins carry 
blood backto the heart from 
organsaboveand below the 


heart, respectively. This 
blood hasalready been 


stripped of its oxygen supply, 
and thusisa darkred or 
bluish colour. 


Your heartis a turbocharged double-pumping muscle that 
beats more than 40 million times every year 


Not onlydoes your heart 
do amazing things, itdoes 


Pulmonary veins : ‘A 
so tirelessly, every minute 


After the blood collects 


oxygen from thelungs, it of every day from the 

returnstothe heartvia the 9 momentyou're born 

pulmonary veins. (actually, evena bit before then) to the 
instant thatyou die. Itweighs 


somewhere between eightand 12 
poeta une sighly more you remale, 
oxygenandothernutrients _!€ssifyou're female. Itssole purpose isto 
collects here. When the push blood through your circulatory 
atrium contracts, the blood system, providing crucial oxygenand 
passesthroughthemitral ther nutrients toall your organs. 
yete tiene teat The heartis considered a double 
ventricle under pressure. ‘i 
pump because the right half sends 
“used! blood to your lungs. There, the 
blood drops off a load of carbon dioxide 
Left ventricle and picks up some fresh oxygen, which 
‘The leltventricle must you have helpfully provided by 
send blood ona longer breathing. Then the oxygenated blood 


journey than the right i 
Pe ae returns to theleft half of the heart. This 


Left atrium 


falls andisesatoutihres “heart-to-lungs-to-heart-again’ trip is 
timesas much energy. knownas pulmonary circulation. The 
Luckily, the leftatrium’s left side of the heart then pumpsthis 
Contraction givesthe eft oxygenated blood to every organ in your 


ventricle’s outputan extra 


20 percent boost. body other than your lungs. Your brain, 


yourskin, themuscles in your thigh, 
yourspleen -theyall get blood (and 
therefore oxygen) by virtue of your 
beating heart. 

Even the heart itself gets blood, viaa 
special set of veinsandarteries known, 
as the coronary system. The myocardial 


Lelie muscle within the wall ofthe heart 
Reisen needs oxygenand other nutrients to 
thischamberof the keep beating. Unfortunately, the 
heart, whereit coronary arteries that do this job are 
collectspassively. verynarrow, between1.7and 2.2 
millimetres in diameter. Ifthey become 
Pes clogged with cholesterol or other fatty 
Use raer nian bars | ) deposits, the heart stops working. Thisis 
pushes blood through thetricuspid bad foryou. 
valve, aone-way valve leading down, Ofcourse, the relatively simple 
into therightventricle. concept of the double pump is fairly 
complex in practice. A series of valves 
Right ventricle control blood flow to the heart's four 
Blood enters the rightventricle under pressure from the atrium’s Find out how your heart chambers, allow for the build-up of 
contraction, giving ita boost much like the turbochargerina high- enough blood pressure to get the job 
8 PI getthej 
perfomance cat the entride cntictsand pane Hood thug tbe pumps blood around 
done, and direct the blood to thecorrect 
pulmonary valve, into the pulmonary artery and toward the kings. your wale and arteties 
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Hay fever is seen to be becoming 
more common, but how and why do 
allergens cause our bodies to react? 


Allergicreactions occurin response to specific 
environmental stimuli called allergens), such as 
pollen, dust, bee stingsand food,and the 
reaction displayed in individualsis normally due 

toanimmunesystem disorder. Mostallergiesare mild, but 

some can be severe and even fatal depending on the reaction 
and treatment received following exposure to the allergen. 

Allergiesare actually caused by the immune system being 
hypersensitive to elements within the environment, rather 
than-as many people suppose - it being under active. Large 
numbers of antibodies are produced in response to the 
allergen, which then cause an over-reaction in the immune 
system when theindividual next comes into contact with the 
allergen -so creating the allergicreaction. 


1. Allergen 


Thisis the environmental substance 


Seer | 


thatisabsorbed into the body, which 
thebody thenreactsto, 


2. Mast cell 
Thisisthe cell where IgE. 
¥ Teceptorsaresituated. 


3. IgE antibodies 
‘These are formed in 
response tothe initial 
contactwith theallergen. 
‘Theyattach tomastcells, 


4. Histamines (and 
chemicals) 
‘Theseare released when theallergen 
ispresentand cause thesymptoms of 
theallergicreaction. 


5. IgE receptors 

Antibodies attach to these, and the cell reacts by 
releasing histaminesand other chemicalswhen the 
individual comesinto contactwith theallergen. 


Why does this disease make it difficult 
for sufferers to breathe? 


Sy Asthma is caused by the sudden contraction of 
smooth musclesin the airways of the body. This is 
normally due to unusually viscous mucus being, 
produced in abundancein the bronchial mucous 

glands. One of theprimary causes ofasthmais the narrowing of 
bronchial tubes because ofinflammation. Asthmatics are 
overly sensitive (hyperreactive) to stimulants in the 
environment thatcan cause the bronchial muscles andtubes to 
contract. Tubes become irritated and swollen, in turn 
producing excess mucus and blocking the flow of air. While 
asthma is often hereditary, itcan also be acquired through 
prolonged exposure to substances such as solder and sulphite. 
Insevereasthma attacks, the accumulation of additional 
mucus from the bronchial tree can also inhibitairflow within 
theairways, making it more difficultforan asthma sufferer to 
breathe. There are several things that can triggeran asthma 
attack, including exercising, animal hairsand trafficfumes. To 
overcome an attack, an asthma inhaler can be used to relax the 
musclesand widen the bronchial tubesso that normal 
breathing can be resumed. 


Kidney 
function 


How do your kidneys filter waste 
from the blood to keep you alive? 


EB Kidneysare bean-shaped organs 
situated halfway down the back 
just under the ribcage, one on 
each side of the body, and weigh 

between 115 and 170 gramseach, dependent 
on the individual's sex andsize. Theleft 
kidney is commonly little larger than the 
one on the right and, due to the effectiveness 
of these organs, individuals born with only 
one kidney can survive with little orno 
adverse health problems. Indeed, the body 
can operate normally witha 30-40 percent 
declinein kidney function. This decline in 
function would rarely even be noticeable and 
shows just how effective the kidneysare at 
filteringout waste productsas well as 
maintaining mineral levels and blood 
pressure throughout the body. The kidneys 
manageto controlall of this by working with 
other organs andglandsacross the body 
suchas the hypothalamus, which helps the 
kidneysto determine and then control water 
levels inthe body. 

Each day the kidneys will filter between 
1§0and.180 litres of blood, but only pass. 
around two litresof waste down theureters 
to the bladder for excretion. This waste 
productis primarily urea-a by-product of 
protein being broken down for energy -and 
water, and it’s more commonly known as 
‘urine’. The kidneys filter the blood by 
passingit through a small filtering unit 
called anephron. Each kidney hasaround 
amillion of these, which are made up ofa 
numberof small blood capillaries, called 
glomerulus, anda urine-collecting tube 
called the renal tubule. The glomerulus sift 
the normal cells and proteins from the blood 
and then move the waste products into the 
renal tubule, which transports urine down 
into the bladder through the ureters. 

Alongside this filtering process, the 
kidneysalso release three crucial hormones 
(knownas erythropoietin, renin and 
calcitriol) which encourage red blood cell 
production, aid regulation of blood pressure 
andaid bone developmentand mineral 
balancerespectively. 
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Asblood enters the kidneys, itis passed 
througha nephron, a tiny unit made up of 
blood capillaries and a waste-transporting 
tube. These work together tofilter theblood, 
returningclean blood to the heart and lungs 
for re-oxygenation and recirculation and 
temovingwaste to the bladder for excretion. 


Renal cortex 

Thisis one of two broad internal sections of the 
kidney, the other being the renal medulla. The 
renal tubulesaresituated here in the 
protrusions thatsit between the pyramidsand 
secure the cortexand medulla together. 


Renal artery 
Thisartery supplies the 
kidney with blood that is 
tobefiltered. 


Renal vein 
Afterwastehas 
beenremoved, 
theclean bloodis 
passed out ofthe 
kidney via the 
renalvein. 


Renal pelvis 


Ureter 

Thetube that Thisfunnellikestructure The kidney’sinner section, where 

transports the ishowurine travels out of bloodis filtered after passing ‘The kidneys fibrous 
waste products thekidney and forms the through numerousarterioles. t's outer edge, which 
(urine) tothe toppartoftheureter, splitinto sections called pyramids provides protection 
bladder following which takes urine down and each humankidney will forthekidney's 
blood filtration. tothe bladder. internal fibres. 


i normally haveseven of these. 


Proximal tubule 
This links Bowman's 
capsuleand the loop 
of Henle, and will 


Nephronsare theunits which filter all blood that passes 
through the kidneys. There are arounda million in each 
kidney, situated in the renal medulla’s pyramid structures. As 


fs Pi selectively reabsorb 
wellas filtering waste, nephrons regulate water and mineral ‘alisefals fromthe 
salty recirculating what is neededand excreting the rest. filtrate producedby 


Bowman's capsule. a 


4 


Renal artery 
Thisartery suppliesthe 
Kidney with blood. The 
blood travels through 
this, intoarteriolesas 
youtravelintothe 
kidney, until the blood 
reaches the glomerulus. 


Renal vein 
‘This removes blood thathas 
been filtered from the kidney. 


Renal tubule 
Made up ofthree parts, theproximal 
tubule, the loop ofHenleandthe distal 
convoluted tubule. They remove waste 
and reabsorb minerals from the filtrate 
passed on from Bowman's capsule. 


Loop of Henle 
‘The loop of Henle controlsthemineraland 
water concentrationlevels within the kidney 
toaid filtration of fluidsasnecessary. Italso 
controls urine concentration. 


glomerular capsule, this 


Collecting 

duct system 
Although not 
technically partof the 
nephron, thiscollects, 
allwaste product, 
filtered by the 
nephronsand 
facilitatesits removal 
from thekidneys, 


Glomerulus 
High pressurein the 
glomerulus, caused 
byitdrainingintoan 
arterioleinstead ofa 
venule, forces fluids 
andsoluble 
materials out of the: 
capillaryand into 
Bowman's capsule. 


——_ Bowman's 


capsule 
Also knownas the 


filtersthe fluid thathas 
been expelled fromthe 
glomerulus. Resulting 
filtrate is passed along 
thenephron and 
willeventually make 
upurine, 


Thismassof 
capillariesisthe 
E glomerulus. 
Distal 
convoluted 
tubule 

Partly responsible 
forthe regulation 
of mineralsin the 
blood, linking to 
thecoliectingduct 
system. Unwanted 
mineralsare 
excreted from 
thenephron. 


Urine is made up ofa range oforganic +94% water 


compounds suchas proteins and 
hormones, inorganicsaltsand 
numerous metabolites. These 
by-productsare often rich in nitrogen 
and need to be removed from the blood 
stream through urination. The pH-level 
ofurine is typically around neutral 
(pH) butvaries depending on diet, 
hydration levels and physical fitness. 
The colour ofurine isalso determined 
by these factors, with dark-yellow urine 
indicating dehydration and greenish 
urine being indicative of excessive 

| asparagus consumption. 


6% other organic 
compounds 
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How the liver works 


The human liver is the 
ultimate multitasker - 

it performs many 
different functions all at 
the same time without 
you even asking 


Two halves 

The liverisanatomically split 
into two halves: leftand right. 
‘Therearefourlobes,and the 
rightlobeisthe largest. 


The gallbladder ——— 
‘The gallbladder andliver 

are intimately related. Bile, 
which helpsdigest fat, is 
producedin the liverandstored 
inthe gallbladder. 


The common bile duct 
Thisductissmall, butvitalin 
the human body. Itcarries bile 
from the liver and gallbladder 
into the duodenum whereit 
helps digest fat. 


Feel your liver 
Takea deep breath inand 
feel justunder the right 
loweredge of yourribs-in 
some people the lower edge 
ofthe livercan befelt. 
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. The biggest organ 4 
Theliveristhe largestofthe > ~~ & 
internal organs, sitting in the 

right upper quadrantofthe 
abdomen, justunderthe rib 
cageandattached tothe 
undersideof the diaphragm. 


The liver is the largest internal organ in. 

the human body and amazingly has over 

500 different functions. In fact, itis the 

second most complex organafterthe 

brain andis intrinsically involved in almost 
every aspect of the body's metabolic processes. The liver's 
main functionsare energy production, removal of 
harmful substances and the production of crucial 
proteins. These tasks are carried out within liver cells, 
called hepatocytes, which sit in complex arrangements in 
order to maximisetheir efficiency. 


The liver is the body's main powerhouse, producing 
and storing glucose asa key energy source. It isalso 
responsible for breaking down complex fat molecules and 
building them up into cholesterol and triglycerides, which 
thebody needs but which are bad in excess. The liver 
makes many complexproteins, including clotting factors 
which are vital in arresting bleeding. Bile, which helps 
digest fatin the intestines, is produced in the liverand 
stored in theadjacentgallbladder. 

The liver also playsa key rolein detoxifying the blood. 
Waste products, toxins and drugs are processed here into 


— Eight segments 
Functionally, thereare eight 
‘segments of the liver, whichare 
based upon the distribution of 
veins draining these segments. 


The portal 
triad 
‘Thecommon bile 
duct, hepatic 
arteryand hepatic 
portalvein form 
theportal triad, 
whicharethevital 
inflowsand 
outflows foryour 
body’sliver, 


———————— Digestion 
Oncenutrientsfrom food 

havebeenabsorbedin 
thesmall intestine, they 
aretransported to the liver 
via the hepaticportal vein 
(notshown here) for 
‘energy production. 


forms which are easier for the rest of the body to use or 
excrete. The liveralso breaks down old bloods cells, 
produces antibodies to fight infection and recycles 
hormones such asadrenaline. Numerous essential 
vitamins and minerals are stored in the liver too: vitamins 
A,D, Eand K, plusiron and copper. 

Sucha complex organ isalso unfortunately prone to 
diseases. Cancers (most often metastatic from other 
sources), infections (hepatitis) and cirrhosis (a form of 
fibrosis often caused by excess alcohol consumption) are 
justsome of those which can affect the liver. 


Ww 


3. Sinusoids r- L.The lobule 
‘These blood-filled channels Thisarrangementof 
ab iined by epataeyesant blood vessels, bile ducts 
provide the site of transfer of and hepatocytes form the : F : 
moleculesbetween blood functional unitof The functional unit which 
a cells. J} the liver. I. r 

performs the liver’s tasks 
4. Kupffer cells — 2. The hepatocyte 
‘These specialised cells ‘These highly active cells The liver isconsidered a ‘chemical factory,’ asit 
sitwithin the Leckedeepn dead liverskey forms large complex molecules fromsmaller 
sinusoidsand destroy met ones brought to it from the gut via the blood 
any bacteriawhichare 


stream. The functional unit of the liver is the 
lobule - these are hexagonal-shaped 
9. Central vein structures comprising of blood vessels 
Blood from sinusoids, = , and sinusoids. Sinusoidsare the 


contaminating blood. 


noweonmainingallotis specialised areas where blood 
newmolecules, flows : 

intocentralvelaswhich comes into contact with the 

then flow into larger hepatocytes, where the liver’s 

hepaticveins. These biological processes take place. 

drainintotheheart. _ 

———— 5.Hepatic 

artery branch 

Bloodfrom here 

suppliesoxygen to 

hepatocytesand carries 

metabolicwaste which 

the liver extracts, 

6. Bile duct 


Bile, which helps digest fat, 1s, 
made in hepatocytesand 
secreted into bile ducts. It 

then flowsintothe 
gallbladder forstorage before 
beingsecreted into 
theduodenum. 


7. Portal vein 
This veincarries nutrient-rich 
blood directly from the 
intestines, which flowsinto 
sinusoids for conversion into 
energy within hepatocytes. 


8. The portal triad 

‘The hepaticartery, portal veinand bileductare knownas 

the portal triad. These sitat the edges of the liver lobuleand 
¥ _arethemainentryandexitroutes for theliver. 
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important feature of the 
human body which allows 
individuals to manipulate 


yep) The human hand isan 


theirsurroundingsandalso to 
wronmentibathendwdatissnaed VE take Our hands for granted, but they are _ 
eee ere aaemedas, actually quite complex and have been crucial in 
consists of prehensile digits, an opposable our evolution 


thumb, anda wristand palm. Although 


many other animals have similar structures, ¢ 
only primates anda limited number of other 7 o y 4 
vertebrates can be said to have a ‘hand’ due Distal phalanges onl 5 
to the need foranopposable thumb to be Adistal phalange (fingertip)is 
presentand the degree of extra articulation situated attheend ofeach Anger: 
Deep flexorsattach tothisboneto 
that thehuman hand canachieve. Due to aieeiferinenitnm manera 
this extra articulation, humans have 
developed fine motorskillsallowing for \ ps 
arta fey 
much increased control in this limb. Intermediate Q 
Consequently wesee improved ability to Thisiswhere the q 
grasp and grip items and development of superficial flexorsattach 
skillssuch as writing. viatendons oallow the 
Ahand is made up of five digits, the palm digittobend. 
and wrist. It consists of27 bones, tendons, . 
musclesand nerves, with each fingertip of Proximal ) 
each digit containing numerous nerve : Z / 
endingsmaking the handa crucial area for Eachhingerhasibree. 
Fi a phalanges, andthisphalange \ 
gathering information from the environment joinstheintermediatetoits 
using one of man’s most crucial five senses: espectivemetacarpal. } \ 
touch, Muscles interact together with \ \ \ \ / 
tendonstoallow fingers to bend, straighten, Metacarpals : _— } | 
pointand, in the case of the thumb, rotate. ‘These five bones makeup N \\ 
However, the hand isanarea that sees many thepalm, andeachone \} a 
injuriesdue to the number of ways we use it, alignswith one ofthe digits f 
ofthehand. 


one in ten injuries in ASE being hand related, 
and there are also several disordersthatcan 


affect the hand development in the womb, Carpals 
Thecarpals(scaphoid, triquetral, 


suchas polydactyly, wherean individual ges trapezium. trapezoid, lunate, hamate, 
born with extra digits, which are often in capitate andpisiform)sitbetween the 
perfect working order. ulna and radiusand the metacarpals. 
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The movementsand articulations of the handand 
by the digitsare controlled by tendonsand two 
muscle groups situated within the hand and wrist. 
‘These are the extrinsic and intrinsic muscle groups, 
sonamedas the extrinsicsare attached to muscles 
which extend into the forearm, whereas the 
intrinsics are situated within the hand and wrist. 
The flexors and extensors, which make up the 
extrinsic muscles, use either exclusively tendons to 
attach to digits they control (flexors) ora more 


complex mix of tendons and intrinsic muscles to 
operate (extensors). These muscles will contractin 
order to cause digit movement, and flexors and 
extensors work ina pair tocomplement each to 
straighten and bend digits. The intrinsicmuscles 
are responsible for aiding extrinsic muscle action 
and other movements in the digits and have three 
distinct groups; the thenarand hypothenar 
(referring to the thumb and little finger 
respectively), the interossei and the lumbrical. 


Vi 


Thenar space - *% 4“ 
Thenarrefersto the thumb, 7 

and thisspaceissituated 

betweenthefirstdigitand a 2 = 


thumb. One ofthe deep 
flexors (extrinsicmuscle)is 
located inhere. 


Interossei 
muscle 
(intrinsic) 
Thisinterossei 
musclesitsbetween 
metacarpal bones 
andwillunite with 
tendonstoallow 


UInar nerve 
Thisnervestretches 


extension using down the forearm into 
extrinsicmuscles, the handandallows for 
sensoryinformation 
tobepassed fromhand 
tobrain. 
veins 

These supply fresh Le Fypothen nt Hae 
aot ae Mises (erin) 
besa fingerandthismusclegroup is 

rs 8 group 


blood) tohandmuscies. _ | & ‘one of theintrinsicmuscles, 
4 | 


Insertion of flexor tendon 
‘Thisiswherethe tendonattaches the 
flexor muscleto the finger bonesto 
allowarticulation. 


~ Mid palmar space 

Tendonsandintrinsic 
muscles primarilyinhabit 
thisspace within the hand, 


Deep flexors 

Digits have two extrinsicflexors 

thatallowthem to bend: the 

deep flexorand the 

A superficial. Thedeep 
F flexorattaches to 
thedistal 

phalanges: 


Tendons and intrinsics 


Increased articulation of the - 
thumb has been heralded as 

akey factor in human 
evolution. Itallowed for 
increased gripand control, 
and for tool use to develop 
among humanancestors as 
well as other primates. This then 
facilitated major cultural advances, such as 
writing. Alongside the four other flexible digits, 
the opposablethumb makes the human hand 
one ofthe most dexterous in the world. Athumb. 
can only be classified as opposable when it can 
be brought opposite to the other digits. 


‘The most common theory forwhysome 
individuals are left handed is that of the 
“disappearing twin’. This supposes that the 
left-handed individual was actually one ofa set 
of twins, but that in the early stages of 
development the other, right handed, twindied. 
However, it’s been found that dominance of one 
handis directly linked with hemisphere 
dominance in the brain, asin many other 
paired organs. 

Individuals who somehow damage their 
dominant hand for extended periods of time can 
actually change to use the other hand, proving 
the impact and importance of environmentand 
extent to which humans can adapt. 


‘Opposable thumbs have 
enabled humansand 
primates to usetools 


Scencephotoltirany 


‘Theseattach the flexor musclesto the Thenars Superficial flexors Extensors onthe backof 
phalanges, and facilitate bending. Theintrinsicgroup of ‘Theotherflexorthatacts on the forearmstraightenthe 
‘Tendonsalsointeract with the intrinsics musclesisused to flex thedigitsisthesuperior digits. Divided into six 
and extensorsin the wrist, palmand thethumband control flexor, whichattachesto the sections, theirconnection 
forearm tostraighten the digits. itssideways movement. intermediate phalanges. tothe digitsiscomplex. 
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How do your 


feet wo 


Feet are immensely complex structures, yet we 
put huge amounts of pressure on them every 


day. How do they cope? 


‘The human footand ankle is crucial for locomotion 

and isone of the most complex structures of the 

human body. This intricate structure is made 

up ofno less than 26 bones, 20 muscles, 33 
joints -although only 20are articulated-as wellas numerous 
tendonsand ligaments. Tendons connect the muscles to the 
bones and facilitate movement of the foot, while ligaments hold 
the tendons in place and help the foot move up and down to 
initiate walking. Arches inthe foot are formed by ligaments, 
musclesand foot bones and help to distribute weight, as well as 
makingit easier for the foot to operate efficiently when walking 
and running. Itisdue to the unique structure of the footand the 
way it distributespressure throughoutall aspects that it can 
withstand constant pressure throughout the day. 

One of the other crucial functions of the footis to aid balance, 
and the toes are acrucial aspect of this. The big toe in particular 
helps inthis area, as we can grip theground with itifwe feel 
thatweare losing balance. 

Theskin, nerves and blood vessels make up the rest of the 
foot, helping to hold the shape and also supplying it with all the 
necessary minerals, oxygen and energy to help keep it moving 
easily and constantly, 
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Toes 

Terminal aspects of the foot 
thataid balance by grasping 
onto the ground. Theyare the 
equivalentoffingersin the 
footstructure. 


Muscles - including the extensor 
digitorum brevis muscle 
Muscleswithin the foot help the foot liftand 
articulateasnecessary. Theextensor 
digitorum brevismusclesits on the top of the 
foot, and helps flex digits two-four on the foot, 


Blood vessels 

Thesesupply blood to the foot, 
facilitating muscle operation by 
supplying energyand oxygenand 
removing deoxygenated blood. 


Ligaments 

Ligaments support the 
tendonsand help to form the 
arches ofthe foot, spreading 
weightacrossitt. 


Tendons (extensor digitorum 
longus, among others) 
Fibrousbandsoftissue which connect 
muscles to bones, They canwithstand a latof 
tension and inkvariousaspectsof the foot, 
facilitating movement. 


Tibia 

Thelargerand stronger of the lower 
Jegbones, this linksthekneeand 
theankle bones ofthe foot. 


Fibula 
This bone sitsalongside the tibia, 
also inkingthe kneeand theankle. 


\ 


How do 
we walk? 


‘Human gt is the termto describe how 
we walk. This gait will vary between each 
person, but the basics are the same. 


2. Weight transfer 

‘Theweightwilltransfer fully 

tothe footstillin contact 5. Heel 

withthe ground, normally placement 

withaslight leaning The heelwill 

movement of the body. normally be the part 
of the foot that's 
placedfirst,and 

3. Foot lift weightwillstartto 

Afterweighthas transfer back onto 

tansierredand thisfootasithits 

the individual the ground. 

feelsbalanced, 

the ball of the first 

footwill then lift 

offthe ground, 


raising thethigh. 


Bones of the foot 


Distal Proximal Metatarsals Cuneiforms 
phalanges phalanges ‘Thefive, long bones that bones (three) 
‘Thebones ‘These bones link arethe metatarsalsare Three bones that 
whichsitat the themetatarsals located between the fusetogether during 
farend ofthe and thedistal tarsal bonesand the bone development 
footandmake phalangesand phalanges.Thesearethe _andsitbetween 
upthetipsof stretch fromthe equivalentofthe themetatarsalsand 


the toes. base ofthe toes. metacarpalsinthehand. _thetalus. 
“ 
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1. Heel lift 
The first step of walking is for the foot to be 
lifted off the ground, The kneewill raise 
and the calf muscleand Achillestendon, 
situated on the back of the leg, will contract 
toallow theheel toliftoff the ground. 


4. Leg swing, — 
The lower legwillthen 
swingat the knee, under 

the body, to be placed in 
fronto{thestationary, 
weight-bearing foot. 


6. Repeat process 
The processis then repeated 
withthe other foot. During 
normalwalkingorrunning, 
one footwillstarttoliftas 
the otherstartsto come into 
contact with theground. 


Navicular 
‘This bone,which 
issonameddue 
toitsresemblance 
toa boat, 
articulates with Ababy is born with 23 
thethree ‘out ofa total 26 bones in each foot 
cuneiform bones. 


Cuboid Talus Calcaneus 
Oneoffiveirregularbones —_Thetalusisthe Thisbone 
(cuboid,navicularandthree —_ second largest constitutes the 
cuneiformbones)whichmake —oneofthefoot, _heelandiscrucial 
upthearchesofthefoot.  anditmakesup _forwalking. tis. 
‘Thesehelpwithshock —_thelowerpartof _the largest bone 
absorption inlocomotion. _theanklejoint. inthe foot. 
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sated 


Mandible 


Collarbone 


The 
human 
skeleton 
explained 


Without a skeleton, we would not be able to live. Itis if 
what gives Us our shape and structure and its 
presence allows us to operate on a daily basis. 
Its also a fascinating evolutionary link to all 
other living and extinct vertebrates 


Scapula 


Sternum 


The humanskeleton is 
crucial for usto live. Itkeeps 
ourshapeand muscle 
attached to the skeleton 

J allowsusthe ability to move 
around, whilealso protecting crucial 
organs that we need to survive. Bonesalso 
produce blood cells within bone marrow 
and store minerals we need released ona 
daily basis. 

Asa fully grown adult you will have 
around 206 bones, butyouare born with 
over 270, which continue to grow, 
strengthen and fuseafter birth until 
aroundi8 in females and 20 in males. 
Humanskeletons actually do vary between 
sexes instructurealso, One of the most 
obviousareas is the pelvisasa female must 
beable to give birth, and therefore hipsare 
comparatively shallower and wider. The 
craniumalso becomes more robustin 
males due to heavy muscleattachmentand 
amale’schinis often moreprominent. 
Femaleskeletonsare generally more 
delicate overall. However, although there 
are several methods, sexing can be difficult 
because of the level of variation wesee 
within the species. 

Bonesare made up of various different 
elements. In utero, the skeleton takes 
shapeas cartilage, which then starts to 
calcify and develop during gestation and 
following birth. The primary element that 
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makesup bone, osseous tissue, is 
actually mineralised calcium 
phosphate, but other forms of 
tissue such as marrow, cartilage 
and blood vessels are also 
contained in the overall 
structure, Many individuals 
think that bonesare solid, 
butactually inner bone isporous 
and full of little holes. 

Aswe age, so do ourbones. 
Even though cells are constantly 
being replaced, and therefore no 
cell in our body is more than 20 
years old, theyare not replaced 
with perfect, brand-new cells. The cells 
contain errors in their DNAand ultimately 
our bones therefore weaken as we age. 
Conditions suchas arthritis and 
osteoporosis can often be caused by ageing 
and cause issues with weakening of bones 
and reduced movementability. 


Radius/UIna 
‘Theradiusandulnaarethe 
bonessituatedin the 
forearm. They connect the 
wristand theelbow. 


Rib cage 
Thisstructureofmany 
singlerib bonescreatesa 
protective barrier for organs 
situated in the chest cavity. 
They join to thevertebrae in 
thespineattheback ofthe 
body, and thesternumat 
the front. 


How the human 


keeps us upright 


Cranium 
‘Thecranium,alsoknownas 
theskull, iswhere the brain 
and themajority ofthe 
sensory organsare located. 


Metacarpals 
‘Thelongbonesinthe 
handsarecalled 
metacarpals,andarethe 
equivalent of 
metatarsalsin the foot. 
Phalanges located 
closetothe 
netacarpalsmake 

up the fingers. 


Vertebrae 

Thereare three main kindsof 
vertebrae (excluding thesacrum 
and coccyx)-cervical, thoracic 
and lumbar, Thesevary in 
strengthand structure because 
they carry different pressure 
within thespine. 


Pelvis 

Thisisthe transitional joint 
betweenthe trunk of the bodyand 
the legs. tisone of the key areasin 
whichwecansee theskeletal 
differences between thesexes. 


Femur 

Thisisthe largest and longest 
single bone in the body. Itconnects 
tothe pelvis usinga balland 
socketjoint. 


Fibula/Tibia 

Thesetwo bonesform thelower 
leg boneand connect to the knee 
jointand the foot. 


Metatarsals 

‘Thesearetthe five long bonesinthe 
footthataid balanceand 
movement. Phalanges located 
closeto the metatarsalsarethe 
bones which are presentin toes. 


Whether it's a complete 
break or just a fracture, 
both can take time 

to heal properly 


Ifyou simply fracture the bone, 
you may just need tokeep it 
straightand keep pressure offit 
until itheals. However, ifyou 
break itinto more than one 
piece, you may need metal pins 
inserted into the bone to 
realignit or plates tocover the 
break in order for itto heal 
properly. The bone heals by 
producing new cellsand tiny 
blood vessels where the 
fracture or break has occurred 
and these then rejoin up. For 
most breaks or fractures, a cast 
external tothe bodywill be put 
onaround the bone to take 
pressure offthe bone to ensure 
thatno more damage is done 
and the break can heal. 


Atypical cast for whensomeone 
has managed to breaka bone. 
Unbelievably, asawisthe 
method of choice forremoval! 


VA 


How our joints work 


The types of 


joints in our body explained 
‘Skull sutures 
Although not generally 
thoughtofasa joint’ all the 
cranial sutures present 
fromwhere bones have 
fused inchildhood rein 
factimmoveablejoints, 


Ball and socket joints 
Both the hip and the shoulder 
jointsare ballandsocket joints 
‘The femurand humerus have ball 
shaped endings, which turnina 
cavity toallow movement. 


Vertebrae 

Vertebrae it together to support 
the body andallow bending 
movements. Theyare joined 
bycartilageandare 
classified assemi- 
mobilejoints. 


Saddle joints 
The only placewe 
see thisjointin 
humansis 
thethumb, 
Movementis 
limitedin 
rotation, butthe 
thumb can move 
back, forwardand 
tothesides. 


Hinged joints 
Both elbowsand kne 
are hinged joints. beallowed when flat 
joints only allow bones'glide' across 
limitedmovementin each other. The wrist 
onedirection. The bones - the carpals- 
bonesfittogetherand _operatelike this, 
aremoved bymuscles, — moved by ligaments. 


Gliding joints 


Somemovement can 


4 Six year old Adult 
skull 4 skull 
ee 
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Muscles are often taken for granted. 

Responsible for every move you 

make, the primary goal ofa muscle 

isto turn the energy stored in your 

body into motion. Muscles are 
broken down into three categories. Skeletal are the 
type that people in the gym train and which 
individualsare most commonly aware of, as these 
are the ones which visibly grow at the gym. Smooth 
are the involuntary muscles such as blood vessels, 
airways and your bladder. The final categoryis 
cardiac, the muscles of the heart. Itisskeletal 
muscle, however, thatallows humansto both 
shape their bodies and increase their strength. 

Skeletal muscles are complex, designed to 

contract when asked to perform any action. Iiyou 
performeda bicep curl, forexample, your brain will 
senda signal to the nerve cells indicating that it’s 
time forthe biceps to engage. It’s the same process 
for each muscle that’s within the skeletal category, 
butit’s the way these are constructed that allows us 
todevelop them. 
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Why are some people strong but others = 
weak, and how does exercise and training 


increase muscle strength? 


Amuscle is made up of fibres 
each muscle will boasta higher 
orloweramount - that fall into two 
distinct groups: slow twitching 
(type! fibres) and fast twitching 
(type ll fibres) muscles. 

Type! muscles utilise the oxygen 
inyour body better to generate more 
fuel, also knownas adenosine 
triphosphate (ATP). They can take 
extra strain and, more often than not, 
fatigue slower. Type ll muscles, on the 
other hand, are the opposite. Not needing 
oxygen to generate fuel, they create spurts 
ofstrength and exhaust farquicker. The 
distinctions are similar to that ofa marathon. 
runneranda sprinter: the former relies on 
their muscles taking longer to breakdown, 
and the latter uses the intensity and force of 
the faster twitching fibres to peak quickly. 

It's these processes that allow us to both 
manipulate a muscle and make it stronger. 


Every time you lifta weightyou're 
tearing these muscle fibres apart, 
forcing the body to repair them. Once 
healed, the fibresare thicker than 
before, a process that can be 
manipulated with the right diet. 
Bodybuilders get protein into their system 
assoonas possible aftera workout, as the 
substance is broken down into amino acids 
that areused to produce and repair muscles, 
Your dietcan even influence how effective this 
is; fast-acting carbohydrates play an important 
role in spiking insulin levels, which in turn 
replace muscle glycogen (reserve source of glucose) 
used during training. Such a process willalso filter 
protein where it's needed, for maximum recovery 
and growth. This is why muscles get bigger and 
stronger with rest, and notat the gym where you're 
in fact breaking and destroyingthem. 
‘These principles shift across in terms of how 
muscles get stronger, too. The notion thatlifting 
heavy weights ata lower rep range will increase 


body mass, whereas doing the opposite will make 
the muscle more visible, isa myth. Instead, when 
you train with heavy weights and force your 
muscles to expend all their ATP, you put the body in 
astate to recruit more muscle fibres and stimulate 
those that are missed when focusing on lighter 
weights. You're essentially teaching your muscles 
that they can become stronger. It won't suddenly 
make them bigger, but it will activate more fibres 
thatin turn help you lift more. This type oftraining 
produces a form of muscle hypertrophy, which, in 
thisinstance, is increasing the size of your muscle 
cells. Hypertrophy canbe manipulated to both 
boost muscular strength or simply focus on 
increasing body mass. 

Your body willalso remember how strong you 
are, even ifyou stop training. Although you'd have 
to work back up to your previouslevel, it would 
take halfthe time thanks to muscle memory. 
Following thesame approach ashow we remember 
to perform everyday tasks, your muscles get used to 
the same movementand adaptaccordingly. 


Shoulders 

Exercise name: Military press 

How to doit: Usingweights, bend your 
Jegs,liftup the bar in inewith your 
shouldersand push from yourdeltoids 
until yourarmsarestraight. Repeat. 


Details: With the correctweightand 
Intensity it'll tear many musclesapart 
and increase yourstrength 


ep 


jes 
J d 
‘STRENGTH RATING: eo 


Mid-section 

Exercise name: Side plank 

How to doit: Lay on yoursideand 
hoistyourbody up usingthe legand 
armyou‘reresting on. Hold this 
position ioraslongasyoucan. 


Details: Thesideplankwilltrigger 
both abdominalsandmid-section, for 
amoreefficientcentre of gravity. 


\ STRENGTH RATING: ewe” 


Calves 

Exercise name:Calveraise 

How to do it Usingasmith machine, 
stand under the barbelland placeiton 
yourtrapeziusmuscles. Puch from 
calvesand stand onyourtiptoes. 


Details: Extremely difficult to 


enhance, the calveraise when done 
witha barbell willtargetthismuscle. 
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Deltoid 

Formed round the shoulder, it 
hasanterior, posterior and 
lateral fibres tosupport rotation 
and the pectoralsand lats. 


Pectoralis major 

Agym favourite, the pectorals 
also havethe pectoralis 
minorby the upper chest. 


Trapezius 
Asuperficial muscle that moves the ‘A 
scapulae (in the rotator cuff}and 

supports thearm. 


Consistsofa longand short 
head to, amongother 
things, allowrotation ofthe 4/y/ 
forearmandelbow. os 4 
Ly 


i 


Forearm 
Consistingof 20 different 


Vastus lateralis - muscles, your lowerarm isone 
The largest partofyour of the most complex parts of 
quadriceps muscle, thequad also ‘ the entire body. 
hastherectus femoris, vastus 
medialisand vastusintermedius. 
Gastrocnemius 
Meaning ‘stomach of leg’, the calveis Rectus abdominus 
incredibly hard to develop dueto the Known tothegreaterworld 
pressure itisput under ona daily basis. as‘abs' ora'six-pack’, itis 
possibleto possessan 
Thermogram of \ eightpack, or even 
a bodybuilder \ ten-pack. 
Y 
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Chest 

Exercise name:Bench press 

How to do it: Lieona benchand graba 
barbell, hands about shoulder width. 
Bringthebartochestleveland lower 
untilarmsareat9o”. Push upwards, 


Details: The bench pressisn’tmerely 
beneficial for your chest; italsoworks 
your shouldersand triceps. 


STRENGTH RATING: J 


Biceps 

Exercise name: Bicep curl, 

How to do it: Raisea dumbbell from 
yourside up toyourshoulderrotating 
thearmsothepalmwith theweight, 
faces up. Then lowerand repeat. 


Details: The biceps’ relativelysmall 
sizecompared to other muscle groups 
‘means they're quite easy otarget. 


j 


0 
STRENGTH RATING: we" 


Forearms 

Exercise name: Hammercuris 

How to doit: Hold adumbbellin each 
hhandwith palms facingyourbody. 
Cuiltheweight up toyour chest, 
keepingelbowslocked. Lowerdown. 


Details: Performed witha heavy 


weight, youcanimproveyourgripand 
increase arm strength. 


a 


STRENGTH RATING: oe 


m Splenius Upper arms 


Locatedintheneck, the ST = 
spleniusis responsible ‘one dumbellat 
» forheadextension. hold it byyour side. With theelbow 


Jocked pointingto the ceiling, extend 
yourarm behind youtllit'sstraight. 


Rhomboideus Details: Tricep extensionshitthe 


Workinginconjunction | threedifferentheadsthat makeupa 
with the trapezius, the eae 
thomboidsconnect the 

Triceps - ‘scapula (shoulder blade} 


Asthename suggests there's three with thevertebrae, 


partstothe muscle: helong, lateral 


andmedial head. ie) 

STRENGTH RATING: we" 
[ Hamstrings l Back 
Exercise name: Hamstring curls 


Exercise name: Deadlift 
How to doit: Lay barbell on thefloor. 
Putshinsto thebar, bend kneesand 
push from the legs. When barpasses 
hips, straighten backand standup, 


Details: The deadlift utilisesevery 


‘muscleinyour body, from your back to 
‘your hamstrings. 
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How to do it: Usea hamstringcurl 
machineand lock legsinto position. 

Pushagainstthe foam pad until your 
legsareat go"and go back tothestart. 


support to squats, meaningyou'll be 
ableto it more weight from your legs, 


a 


Details: Curlswill provideextra 
| 


Latissimus dorsi ~~ ¢ 
- \ Meaning ‘broadest of the F e 
sPPeee) — back thelats,asthey're >—— Gluteus maximus | ‘ 
SEEN TH RATING: commonly called, are Thelargest musclein the body, \STRENGTH RATING: / 
anessential muscle your bottom has tobestrongto 
forstrengtheningthe keep the lowerpartina : 
entire body. correct position. Quadriceps 
Exercise name: Squats 
How to do it: Using barbell inasquat 
rack, place bar on trapezius. Back 
External straight, bend knees until hamstrings 
oblique parallelwith floor. Push fromlegs. 
The largestand Details: Squats targetall of your 
outermost legmuscles, aswellas most of your 
ofthe three muscles ‘upper ones too. 
Muscle mass ofthelateralanterior ‘ en ‘ 
correspondsto abdomen. Biceps femoris 
calories consumed Soutaining iro paris the 
aloes long head isan integral 
and important part of 
thehamstring, 


What’s inside 
your head? 


A look at how our thinking 
machines are put together 


Frombirth, the head ofa baby will grow very 
rapidly. By the age of two the bones will have 
fused together, although growth continues 
until the age ofseven during which the 
shape and size ofthe skullare altered. An adult human 
head is made from 22 bones. Eight are presentin the 
cranium, and 14 form the face. Together they make up 
the skull, which provides a framework forall the 
features of our heads. 

The primary purpose ofthe skull is to prevent 
damage to the brain. Withoutit, even asmall force 
againstthe head could cause serious brain damage. 
Before birth, the skull develops holes in which are found 
the various features ofthe head. 

The skull has three main structural features. Cavities 


Parietal Occipital 
Protectsthetopandsides __Formsthelowerback oftheskull, 
ofthebrain,andprovides and enablesmovement ofthe head 


knownas orbits contain the eyes, providing protection arooffortheskull, ‘byconnecting to thespine. 
butalsoallowing muscles, nerves, blood supply and € 

tissue to reach the eyes. Paranasal sinuses house the The purpose of all the 

nasal cavity and also contain air-filled spaces, which are bones in our head 


responsible for making people sound different. Finally, 
the head is held together by sutures, which are soft 


at on, 
fibres at birth butlater harden to give the appearance of 
stitches. They become immovable joints which stop the 
head falling apart. 
The muscles ofthe headare stretched over the bones , 
inthe cranium and face like sheets. There aretwo main 


categories of muscles. The muscles of facial expressions. Temporal 
are responsible formovingthe mouth, alteringthechin _Housestheearsand 
and moving the cheeks to assist eating and breathing. protects the sides of 
Muscles of mastication directly controleating opening _—‘theeranium. 


and closing the jawandallow sideways movements. 
Smallermuscles control other portions of the face 
including the inner earand the eye. 


Also knownasthecheek_ 
bone,and forms partof 
theeyesockets. 


Vomer 

Separates thenasal 
cavityinto two halves 
forthetwonostrils. 


Ethmoid 
‘Thecentre of the face behind the 
nose, the ethmoid supports the 
nasal cavity and theeyes. 


Scalp 


Sheetlikemuscleskeepour 


* scalps flexible, an important trait 
The main features of the head fornourishingtheskinandba. 


that keep us operational 


Brain 
Thebrainisassoftas butter, whan the nsaaiastrick 
and therefore must bewell 
protected. tcontrolsall | hard enough, a person 
functionsin the body. Cranium | canbecome 
Made ofeight flat ‘unconscious. This can 
bonesand joined cause long-lasting head 
togetherbysutures, | {njurlesand mustbe 
thecranium protects treated immediately. As 
thebrainfrom | the head isstruck, th 
bumpsand knocks. ie EROS SITUCK, IE 


brain processesall the 
information it receives 


Eyes 

Twogroupsofmusces | : fom hereseny nerves 
hold theeyeandallow - to formulate an 
‘movement, tearduct appropriate response, 


controland blinking. Fars: beit forcing the person 
3 sThemunclesiitheear to withdraw, pushing 


usisthearingend | thelraggressor or 


balance butallow little holding the injuredarea. 

movementof the ears. However, the brainalso 
ee hasa limit on how much 
= itcan processatany 


time, anda hard enough 
blow may overloadit 
with information. 
To prevent any further 
damage to the head, the 
x brain stops 
prereee communicating with the 
tomoveourheadsand body, causing 
lookaround. | unconsciousness. 
Althoughit may seem 
similar tosleep, an 
unconscious person will 
not respond to people or 
noisesand will only 
wake up once the brain 
begins communicating 
with the body again. 


Spine 


Jaws 
Chewingisprimarily 
controlled by strong muscles in 


we Zi 
y b: fae j Te the jaw, which can producea 
a Y greatamountof pressure. 
= 4 
= i> > 


Nose 
Nasal muscles operate 
thenostrilsandassist 
several facial features 
suchas frowning. 


Mouth- Tongue 

Musclesin the mouth help Helpingustotalk,the = 

movement, allowingustochew _tonguealsoassistsin \ 

and make facial expressions, eatingandtastingfood. 4 4 
Astrongjawandteeth 7 
allowustochewand 
digest food 


Head injuriesmust 
i 
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These small skin blemishes are common, but what are 
they and why must we keep a close eye on them? 


Amole onthe 
skin, ora 
melanocytic 
naevus, isan 
abnormal collection of the 
pigment ells called 
melanocytes. Some molescan 
be presentat birth (congenital 
melanocytic naevi) but most 
develop spontaneously later in 
life, usually asa result of 
exposure to sunlight. Moles 
are often brown or black 
(pigmented naevi)andare 
most commonly round or oval, 
butthey can beavariety of 
different shapesand sizes. 
Growthand change overtime 
is quitenormal. 
Moles sound pretty 
unremarkable and are 
harmless in nature, and yet we 


Find out what causes pimples to form on the surface of human skin 


: mm Pimplesare 
caused by 
sensitivity to 
thetestosterone 

hormone presentin both 

malesand females, which 
can trigger the 
overproduction ofan oily 
substance calledsebum. 

Sebum, which is produced 

bysebaceous glands 

attached to hair follicles in 
the dermis, helpskeep hair 
andskin waterproof. 

Yourskinis constantly 
renewing itself, and while 
new celisare produced in 
the lower layers ofskin, the 
old dead cellsaresloughed 
away from the surface. This, 
together with excessive 
sebum production, can lead 
toacneand pimples. 

Sebum normally travels 
through the hair follicle to 
the surface of theskin. 

However, ifa pore becomes 
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must be vigilant ifa new one 
appearson theskin orifan 
existing mole begins to 
change. Amalignant 
melanoma isa rare kind ofskin 
cancer that can occur in 
melanocytes. Although rare, 
malignant melanomas cause 
the majority ofthe deaths 
related toskin cancer. Ifyou 
are particularly moley you're 
more susceptible to melanoma 
and should try to avoid too 
much sunlight. 

Moles to watch are 
dysplasticnaevi, which are 
large, irregularly shaped moles 
of mixed colouration. They 
often have paler, jagged edges 
with darker centres and tend 
to be accompanied bya lot of 
othermoles on the body. 


blocked bya few deadskin 
cells that haven't beenshed 
properly, thesebum can 
begin to build up inside the 
hairfollicle. This oily 
buildup is the perfect 
breeding ground for 
bacteria, which then 
accumulate and multiply 
around thearea, making 
theskin inflamed and 
infected. This results in 
thepimple. 
Whiteheadsand 
blackheadsare types of 
acne pimples known as 
comedones. Blackheads are 
open comedones, which 
means the blockage of 
sebum is exposed to theair, 
causing oxidation of the 
sebum (likewhenan apple 
browns). Whiteheads,on 
theother hand, are closed 
comedonesandare not 
exposed toairasthey’re 
covered byalayer of skin. 


Melanocyte 


‘Theskin’snatural pigment, melanin, isa protein 
produced in cellscalled melanocytes. Melanocytesare 
usually spread evenly throughout theskin for even 


colour, Melaninalso absorbs UV radiation. 


Melanoma 

People witha family history of malignant 
melanomas and those who have been exposed 
toa lot of sunlightare mostatrisk from this 
uncontrollable growth of pigment ells. 


Epidermis 
Thisisthe outerlayer 
ofyourskinandit 
contains tough, flat 
cells. Melanocytes are 
locatedin the dermis 
andepidermis. 


Dermis 
Thedermisisthe 
layer that consists of 
blood vessels, glands 
and nerveendings. 


Inflammation 


‘The trapped sebumattracts bacteria that build up 
and.causea pustule, which can grow inflamed. 


Blackhead 
When the blockage is 
nearer the surface, the 


Epidermis accumulation ofsebum can 
Sebum helps slough away the cellson the beexposed tothe air, 
surface of the skin as theydietomakeroom causingoxidation which 
forthe fresh cellsgenerated in the dermis. turnsthesubstance black. 


Dermis 
Newskincellsarecreatedin 
the lowerlayersofskin. 


| 
Sebum 

‘Thesebum travelsupthe hair 
follicletowaterproofthe hairand 
protect thesurface oftheskin, 


Sebaceous gland 
Attached to the hair follicle, the 
sebaceousglandproducesan oily, 
waxy substance called sebum. 


Whitehead 
Blockagescan occur 
beneatha layer ofskin 
that prevenisair from 
coming into contactwith 
thesebum which results 
initstayingwhite. 


‘© Science Photo Library 


~ Blockage 

Ifdead skin cellsfailto beshed 
properly, theycan become blocked 
inside pores. When thishappens 
sebum is plugged behinda barrier, 
which can lead toaspotforming, 


What purpose do these fleshy lumps in the 
back of our throats serve? 


4 


~ 


' R 
- Where you can find the 
. | three pairs oftonsilsin 
\ yourhead 
fi 
Palatine tonsils Lingual tonsils Pharyngeal tonsils 
Tonsilsare thesmall masses of flesh Theseare the best-known ‘Thelingual tonsilsare These are otherwise 
foundin pairs at the back of the throats of pair oftonsils, as they're foundat the rear ofyour knownas theadenoidsand 
i many mammals. In humans the word is clearly visible atthe back of tongue-oneateitherside arelocated atthe back of 
actually used to describe threesets of syourtiurcat. tay ouriowies EW phestmses: 
this spongy lymphatic tissue: the lingual tonsils, the 
pharyngeal tonsilsand the more commonly 
recognised palatine tonsils. 
The palatine tonsils are the oval bits that hang 
down from eithersideat the back of your throat-you Lots ofbedrest, fluids 
cansee them ifyou open your mouth wide in the . and painrelieflike 
mirror. Although the full purpose of the palatine paracetamolareall 
tonsils isn’t yet understood, because they produce j aes 
antibodies and because of their prominent position 4 eit tors 
inthe throat, theyre thought to be the first line of 
defenceagainst potential infection in both the S 
respiratory and digestive tracts, 
The pharyngeal tonsilsare also knownas the é 


adenoids. These are found tucked away in thenasal 
pharynxandserveasimilar purpose to the palatine 
tonsilsbutshrinkin adulthood. 

Finally, the lingual tonsilsare foundat the back of 
the tongue towards the root where itattachesand, if x y 
you poke your tongue rightout, youshould beable to 
spot them ifyou look in themirror. Theseare drained 
very efficiently by mucous glandsand, asa result, 


: 
they very rarely get infected. Yd 
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The sensory 


system 


EB The sensory system is what enables us to 
experience theworld. Itcan also warn us 
of danger, trigger memoriesand protect 
us from damaging stimuli, such as 

scorching hot surfaces. The human sensory system is 

highly developed, with its many components 
detecting both physical and emotional properties of 
the environment. For example, itcan interpret 
chemical molecules in theair into smells, moving 
molecules of sound into noisesand pressure placed 
on theskin into touch, Indeed, some of oursensesare 
so finely tuned they allow reactions within 
milliseconds of detecting a new sensation. 

The five classicsenses are sight, hearing, smell, 
taste and touch. We need senses notonly to interpret 
the world aroundus, butalso to function within it. 
Oursenses enable us to modify our movementsand 
thoughts, and sometimes they directly feed signals 
into muscles. The sensory nervous system that lies 
behind this is made up of receptors, nervesand 
dedicated parts ofthe brain. 


Earsfee@Bindsto 


thebrain butalso 
atrol balance 


9,cootaste buds 
over the tongue: 
and throat 


There are thousands of different stimuli that can 
trigger oursenses, including light, heat, chemicalsin 
food and pressure. These ‘stimulus modalities’ are 
then detected byspecialised receptors, which 
convert them into sensations such as hot and cold, 
tastes, images and touch. The incredible receptors — 
like the eyes, ears, nose, tongue andskin-have 
adapted over time to workseamlessly togetherand 
without having to be actively ‘switched on’. 

However, sometimes the sensorysystem can go 
wrong. There are hundreds of diseases of thesenses, 
which can have both minor effects, ora life-changing 
impact. For example, a blocked ear can affectyour 
balance, ora cold your ability to smell - but these 
things don’tlast for long. 

Incontrast, say, after a car accident severing the 
spinal cord, the damage can be permanent. There 
aresome very specific problems that the sensory 
systemcan bringas well. After an amputation, the 
brain can still detect signals from the nerves that 
used toconnectto the lostlimb. These sensations 


The complex senses of the human body 
and how they interact is vital to the way 
we live day to day 


can cause excruciating pain; this particular 
condition is knownas phantom limb syndrome. 

However the sensory system isable to adapt to 
change, with the loss of one often leading to others 
being heightened, Oursenses normally function to 
gently inhibit each other in order tomoderate 
individual sensations. The loss of sight from 
blindness is thought to lead to strengthening of 
signalsfrom theears, nose and tongue. Having said 
this, it’s certainly not universal among the blind, 
being more common in people who have been blind 
sinceayoung age or from birth. Similarly, some 
peoplewho listen to music like to close their eyes, as 
they claim the loss of visual input can enhance the 
audio experience. 

Although the human sensory system is well 
developed, many animals out-perform us. For 
example, dogs can hear much higher-pitched 
sounds, while sharks havea far better sense of smell 
in fact, they can sniff outa single drop of bloodina 
million drops of water! 


Body’s messengers 


‘Thesensory system is formed from neurons. These are 
specialised nerve cells which transmitsignals from one end 
tothe other - forexample, from your skin to your brain. They 
are excitable, meaning that when stimulated to a certain 
electrical/chemical threshold they will fireasignal. There 
are many different types, and they can interconnect toaffect 


Retinal neuron 

‘These retinal bipolar cellsarefound in 
theeye, transmitting lightsignals from 
therodsand cones(where lightis 
detected) to the ganglion cells, which 
send impulses into the brain. 


Olfactory neuron 
The many fine dendritic 
arms ithe olfactory cell 
line theinnersurface ofthe 
nasal cavity and detect 
thousands of different 
smells,or odorants. 


each other’ssignals. 


Motor neuron 


These fireimpulses 

from the brain to the body's 2 

muscles, causing Pyramidal neuron 

contraction and thus ‘Theseneuronshavea 

movement. They have lots triangularcell body, and 

ofextensions(ietheyare were thusnamedafter 

multipolar) tospread the pyramids. They help 

messagerapidly. toconnect motor 
neurons together. 

Unipolar neuron 

‘Thesesensoryneurons 

transducea physical 


stimulus forexample, when 
youare touched) intoan 
electricalimpulse. 


How dowe 
Find out how our no: 


v 


Olfactory bulb 
Containing many typesof 
cell, olfactoryneurons 
branch outofhere through brit 
thecribriform plate below. error 
Abony layerof 
Olfactory neuron Feary eyes 
‘Theseneuronsarehighly which allow the 
adapted to detecta wide fibres of the 
range ofdifferent odours. olfactorynerves 
‘topass fromnose 
tobrain. 
Olfactory 
epithelium 
Liningthe nasalcavity, this 
layercontains the long 
extensions of the olfactory 


neuronsand iswhere 
chemical moleculesin air 
triggeranelectricimpulse. 


=< Purkinje cell 
Thesearethe largestneurons Anaxonic neuron 
inthebrainandtheirmany Foundwithin theretina 
dendriticarms form multiple of the eye, these cellslack 
connections. They can bothexcite anaxon(nervefibre}and 
and inhibit movement. allow rapid modification 
oflightsignalstoand 


from bipolarcells. 


Olfactory nerve 
‘Newsignalsare rapidly 
transmitted via the 
olfactory nerveto the brain, 
which collatesthedata 
withsightand taste. 


Total recall 


Haveyou eversmeltsomething that 
transported you backin time? Thisis 
knownas the Madeleine effect because 
thewriter Marcel Proustonce 
described how the scent ofa madeleine 
cakesuddenly evokedstrongmemories 
and emotions from hischildhood, 

The opposite type of recalls voluntary 
‘memory, where you actively tryand 
rememberacertain event. Involuntary 
memoriesare intertwined with 
emotion and.soareoften the more 
intense of the two, Younger children 
under theage of ten have stronger 
involuntary memory capabilitiesthan 
older people, which iswhy these 
memoriesthrustyou back to 
childhood, Older chiléren use 
voluntary memory mare often, eg when 
revisingforexams. 
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These transmit vital sensory 


information to our brain while Co 

also sending motor function 

signals all around the body 
Olfactory nerve 
Startingin the nose, thisnerve 


convertschemical molecules into 
electricalsignalsthatare 
interpreted as distinct odoursvia_ 
chemoreceptors. 


Optic nerve 

‘The opticnerves convert light 
signals nto electrical impulses, 
whichare interpreted in the 
occipital lobeat the back of the 
brain. The resulting image isseen 
upsidedown and backto front, but 
the brain reorients the image. 


Eye movements Trigeminal nerve = 
Testrechnaramnorest Thisnerveisanexampleofa 
ir coven artery mechanoreceptor,asitfires 
Fae conte iheeyénsitien Iseihininteeparts, 
Pi ’ andso the directionin Jesalitinin fhreeparts, 
information about thestimulusis ones covering he top, middleand 


sentto thespinal cord. Reflex 
actions, which don‘tinvolve the 
brain, produce rapid reactions to 
dangerousstimuli, 


bottom thirdsof your face. 


Facial and 
trigeminal motors 
‘The motor parts of these 
nerves control the muscles of 
facial expression (for 
‘example, when yousmile), 
and the muscles of the 


if / jawtohelp youchew. 


“ag lee 
2. Signal sent 3. Motor neurons i ‘Se 

to spine feed back 

Whensensorynerve ‘Thesignalstriggermotor 

endingsfire, neurons that initiate their 

information passes ownimpulses that feed back 

throughnervefibresto J tothe musce, telling itto 

thespinal cord. move the body part. 
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Intermediate nerve Cc d 
ee pn rossed senses 
nerve. Itprovides the key sensation to Synag sia is a fascinating, ifnot entirely 
eapornn Perenrtie tangas ta bee 5 Necisfieteces\s:tgam understood, condition, Insome people, two or 
eating. } s become linked so whena 
nerve 
Thisnerve providessensation sensation is triggered, all the linked 
CEE  sensationsareactivated too. Forexample, the 


letter‘A’mightalways appear ed for that 
person, orseeing the number y' might trig 
te of apples. Sights take o: 
conversation can have a tastes and music can 
f) e ed. People with synaesthesia 
ly don’t considerit to bea disorder or 
ase. In fact, many do not consider it unusual 


= atall, and couldn’timagine living withoutit. It 
: often runs in familiesand may be more 


Glossopharyngeal motor 


‘The motor partofthisnerve controls 


the pharynx, helping us 
tospeak and breathe normally. 
s Butasynaesthete who 
] struggleto identifya sees2sasredandssas 
} triangle of2samonga green can quickly pick 
field ofnumber ss, outthe triangle. 
Apatient’ssense of proprioceptionis, 


beingputtothetesthere 


Thevagusnerveisspreadall 
around thebody. Itisamixed 
. sensoryand motornerve, and 
isresponsible for controlling 
allofthe functions wedon't 
thinkabout-like keeping 
ourheart beating. 


isthere really a 
6}. 3 
sixth sense’? 
Our sense of balance and the position of our 
bodies in space are sensations we rarely think 
about and so are sometimes thought ofasa 
‘sixth sense’. There is a whole science behind 
them though, and they are collectively called 
proprioception. There are nerveslocated 
throughout the musculoskeletal system (for 
Vagus motor | example, withinyourmuscles, tendons, 
Thisportion ofthe vagus | jjgamentsandjoints) who send information on 
nerve canslow the rs 
heartbeatandbreathing | balanceand posture back to the brain. The 
rate, orincrease the brainthen interprets this information rapidly 
speed of digestion. and sends instructions back to the muscles to 
allow for fine adjustments in balance. Since you 
don’thave to think about it and you can’t switch 
itoff, you don'tknow how vital these systems 


are until they‘te damaged. Sadlysome medical | 3 

\ conditions, including strokes, can affect our Zz 

‘ Accessory nerve 4 . . e 

The hypoglossal nerve Connectingthemusclesoftheneckto | Senseof proprioception, makingit difficultto g 
‘Thisnerve controls the the brain, thisnerve lets usturn our stand, walk, talkkand move our limbs. A 
movementsof the tongue. heads from sidetoside, 5 
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The Earth’ 


We take an in-depth look at the hidden world 


beneath our feet 


We take theworld around us for 
granted, but the Earth thatwe 
walk upon isa complex blend of 
layers that together create our 
planet. Thanks to research in 
the field of seismology, we now know the makeup 
ofthe Earth, its distances and measurements 
and we even know enoughaboutit to beableto 
compare itto other planetsin oursolar system. 

Essentially, the internal structure of the Earth 
ismadeup of three core elements: the crust, the 
mantle and the core. The crust is the hard outer 
shell that we live on, split into Oceanicand 
Continental crusts, and itis comparatively thin. 
The first layer, the Oceaniccrust, isaround four to 
seven miles thick, made up of heavy rocks, 
whereas the lighter Continental crustis thicker, 
atapproximately19 miles. 

Below the crust is the mantle, and again this 
is divided into two distinct layers: the inner and 
outer mantle. The outer mantle isthe thinner 
ofthe two layers, occurring between seven 
miles and 190 miles below the Earth's surface. 
The outer mantleis made up ofa bottom layer 
oftough liquid rock, with a temperature of 
somewhere between 1,400 degrees Celsius and 
3,000 degrees Celsius, anda thinner, cooler 
upper layer. The inner mantle is deep into the 
Earth's structure, at between 190 and 1,800 miles 
deep, with an average temperature of 3,000 
degrees Celsius, 

Finally, we reach the Earth’s core, which is 
1,800 to3,200 miles beneath our feet. The outer 
core isaround 1,370 miles thick, encasing the 
inner core, which falls down to 3,960 miles below 
the Earth’s surface. The inner core reachesa 
temperature high of 6,000 degrees Celsius and is 
made up ofiron, nickel and other elements. 
While the outer core is liquid, the inner core is 
solid, and the two work together to cause the 
Earth’s magnetism. 
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The crust 
The hard, outershell is made up 
oftwo layers: the Oceaniccrust, 
ofheavy rocks like basaltand 
the Continental crustoflighter 
rocks like granite. 


Convection 
currents 
These arrowsshow the 
convectioncurrent 
withinthemantle.The 
current ofheat flows y 
upwards, coolingas 
itnearsthe Earth's 

surface, which 
causesit todrop 
back to the core. 


\ Journey to 
the centre of 


Inner core \ 
The hottest part of the 

planet, theinnercore y 
isliterallythe centre of 

the Earthandit’ssolid 
duetoitsheat, 


meaning that it 
doesn’t move, 


The mantle 

The mantleisalsomade of 
two layers: the innerand 
outer mantle, Theseare home 
toliquidrockand can reach 
temperatures of up to3,000 
degrees Celsius, 


structur 


q Water 
Oceanic crust Covering 7oper 
Assuggested by its name, this cent of the Earth's 


liesunderneath the Earth’s 
oceans and commonly includes 
basaltin itsmakeup. 


surface, restingon 
top ofthe crust, is 
water in the form 
ofoceans, lakes 
andsoon. 


Landmasses 
Theremaining30 
percentofthe 
Earth’ssurfaceis 
made up ofland 
~seven continents. 


Continental crust 
‘Theexposed crustthatis part 
ofthelandmassesthat cover 

the Earthand exposed tothe 
atmosphere, containing, 


Mantle 
Continuing down 
to the outer core, 
thisshowsthe 


Keka tat | rocks like granite. 
gets hotterasyou } 
7: lego The surface of the 
\ Upper mantle Earth is just as 
sothenoophere hits thethicker, complexas the 
liquid part of themantle, interior structure 


i seid 
\ xe x 

Pee 
a 

D} 


Outer core 

‘Theliquid, outer coreis 

made up ofiron, nickel, Seeeetmapol the 
sulphurand oxygen. globe, showing the 


thickness of the Earth's 
crust, with the numbers ~ 
inkilometres. 


Thisouter corespinsas 
the Earth rotates, 


How the 
Earth formed 


Acomplicated procedure brought 
together the r elements of the 
Earth and lanet is 
adapting and changing 


Accretion 


Accretion describes the gradual 
increase insize ofan object 
through the piecemeal 
accumulation of 

additional layers. In the 
case of Earth, thi 

how rocks and 

metals builtupon 

each other to 

form the core. 


Heating and cooling 


The process of creating 
planets via accretion 
causes friction and 
collisions that create 
aheat, which partly 
explainsthe 
temperature at the 
Earth’s core. As this 
d during the 
formation, the 


plane 
crusthardened. 


Oceans and atmosphere 


Steam from the crust 
combined with gase: 
ejected from volcanoes 
tocreatethe 
atmosphere and 
water. Asthe planet 
cooled, clouds 

formed, causing rain, 
which inturn caused 
the oceans. 


Though we rarely see the 
results, the Earth’s 
surface continues to 
changeas landma: 
collide and break 
apart, thanks to the 
dynamicproperties 
ofthe Earth’s interior 
structure, which can 
move landmassesby 
centimetres each year. 
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Can earthquakes 
make days shorter? 
Are there quakes 
elsewhere in space? 
Find out now... 
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» The earthquake and tsunami that devastated north-east Japan in 
March 2011 demonstrate the terrifying power of these natural 
phenomena. Almost 16,000 people died and more thana million 
buildings either wholly or partly collapsed. 

Ayearafterthe event, 330,000 people werestill living in hotels or 
inother temporary accommodation, unable to return home. A further 3,000 people 
were still listed as missing. The gigantic tsunami waves spawned by the 
earthquake inundated the power supply and cooling of three reactors at the 
Fukushima Daiichi power station. The subsequent nuclear accident - the worst to 
occurrsince Chernobyl! - caused worldwide panic. 

Earthquakesareunstoppable and strike with little or no warning, but we knowa 
growingamountabout how they work, Scientists have developed networks of 
sensors for monitoring ground movements, changes in groundwater and magnetic 
fields, which may indicate an impending quake. Engineers, meanwhile, have 
created new forms of architecture to resist earthquakes when they do strike. So 
without further ado, let’s learn some earth-shattering facts... @ 


3. Whatis Earth’s crust made of? 


The crust consists of rock that is broken up into several 
moving slabs, called plates. These plates float on the 
denserrocks of the mantle, a sticky layer lying between 
the planet's core and the crust. Granite is the most 


common rock in the crust that makes up Earth’s 


continents. This continental crust is on average 35, 


Pacific Plate 
Earth's biggest plate is 
among the fastest 
moving, travelling 
north-west some 7 cm 
(gin)annually. 


North American 
Plate 

‘The continent of North 
Americaand some of 
the Atlantic Ocean floor 
siton this plate. 


Nazca Plate 

The Nazca Plate located 
off South America's west 
coast is oneof several 
smaller plates. 


4. Did the 2011 quake 
in Japan shorten the 
days on Earth? 


Yes, butyou're unlikely to notice. Every day is 
now1.8 microseconds shorter, according to 
NASA. The Japan quake made Earth spina bit 
faster by changing its rotation around an 
imaginary line called the figureaxis, The 
Earth’s massis balanced around the figure 
axis, and it wobbles asit spins. That wobble 
naturally changes one metre (33 feet) ayear 
due to moving glaciers and ocean currents. 
The 2011 Tohoku quake moved the ocean floor 
nearJapan as much as 16 metres (53 feet) 
vertically and 50 metres (16, feet) horizontally 
- the equivalent horizontal distance to an 
Olympic swimming pool! The shifting seabed 
increased Earth’s wobble around the figure 
axis by17 centimetres (6.7 inches), As the 
wobble grew, Earth’s rotation sped up. It’s the 
same principle as when a figureskater pulls 
theirarms closer to their body to spin faster, 


South American Plate 
South America’s collision 
with the Nazea Plate is lifting 
up the Andes, our planet’s 
longest mountain range. 


kilometres (22 miles) thick, deepest beneath mountain 
ranges. Ocean floor crust is thinner - on average 6 
kilometres (4 miles) - and mainly made of denser 
volcanic rocks, such as basalt. Granite is 75 per cent 
oxygen and silicon. Basalt is denseras the silicon is 
contaminated with heavier elements like iron. 


Eurasian Plate 

The Himalayas, Earth’s 
highest mountain range, 
Isrisingas the Indian 
Plate thrusts beneath the 
Eurasian Plate. 


African Plate 

This plate carrying the 
African continent carries 
some ofthe world's most 
ancientcrust—up to3.6 
billion years old. 


Antarctic Plate 
Until 45 million years 
ago, the Antarctic Plate 
was joined to the 
Australian Plate. 


5.Whatis the shadow 
zone of an earthquake? 


Ashadow zone is the location on the Earth’s surface at an 
angle of 104-140 degrees from a quake's origin that doesn’t 
receive any S-waves or direct P-waves. S and P-waves are 
seismic wavesthat can travel through theground; basically, 
shockwaves created when a fault suddenly moves. Shadow 
zones occur as S-waves can't pass through the Earth's liquid 
outer core, while P-waves are refracted by the liquid core. 


6. Whereis the quake capital? 


Around go per cent of earthquakes occur on the so-called Ring of 
Fire, a belt of seismic activity surrounding the Pacific Plate. The 
Ring of Fire is a massive subduction zone where the Pacific Plate 
collides with and slides beneath several other plates, Most 
quakesare measured in Japan, asit lies on the Ring of Fire at the 
junction of the Pacific, Philippine, Eurasian and Okhotsk Plates. 
Japan has a dense earthquake-monitoring network, so scientists 
can detect even small quakes. Thevolcanicisland chain of 
Indonesia probably experiences the most earthquakes based on 
landmass, yet ithas fewer instruments for measuring them. 


Indo-Australian Plate 
The Indo-Australian Plate 
may be splitting apart to 
formseparate Indian and 
Australian Plates. 


What are tremors? 

A tremor is simply another 
word foran earthquake. It’s 
also another word for the 
vibrations that you experience 
whenever an earthquake hits. 
The earth itself trembles 
because movement energyis 
released during an earthquake, 
which causes the ground to 
vibrate in all directions. 


How can scientists 
tell how far away an 
earthquake occurred? 
Scientists use a seismometer to 
record earthquake waves called 
P and S-waves (ie Primary and 
Secondary waves). P-waves 
travel faster than S-waves and 
can pass also through liquids, 
suchas the outer core and 
mantle. By measuring the delay 
between the P and S-waves 
arriving, they cancalculate the 
distance the waves travelled. 


1 What's the earliest 
recorded major 
earthquake in history? 
The first earthquake ever 
described was in China in1177 
BCE. By the17th century, 
descriptions of the effects of 
earthquakes were published 
worldwide, although of course 
these accounts were often 
exaggerated and less detailed 
than data recorded today. 


1 What do the lines on 
aseismometer 
reading represent? 
The wiggly lines ona 
seismogram represent the 
waves recorded, The first big 
wiggles are P-waves. The 
second set of wiggles are 
S-waves. If the latter are absent, 
the quake happened on the 
other side of the planet. 
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Planet Earth 


12. Whydoquakesat Bata 
sea leadtotsunamis? -s- 


related to water depth. 
1, Earthquake 5. Waves grow 
Two platesare locked The tsunamislows to 
together. Pressure 30km/h (1gmph) but 
buildsuntil they slip grows in heightas it 
and unleash stored © entersshallow waters. 
energyasa quake. 


4, Tsunami waves form 

‘The wavesare small, perhaps 

o.5m (1.6ft) high, in the deep : q 

ocean. The wave crests are * Oceanic crust 
3. Water rises hundreds of kilometres apart. ‘The Pacific Plate is mainly 
Acolumn of water is a oceanic crust, which is 
pushed up and out by Se younger and thinner than 
the seabed. ‘4 continental crust - about 

3 5-10km (3-6mi) thick. 


: a7 
nna seekde i Pate BB 9 Tsunami San Andreas Fault 
2. Sea floor lifts 6. Exposed seabed 9] 8. Tsunami strikes [7 retreats The San Andreas isastrike- 
Aplateisforcedtorise § Watermayappearto  —% Thegiantwaverushes §™ Carsand debris slip fault created by the 
during the earthquake. § rushoffshorejustbefore | inland,destroyingany "are left behind as Pacificand North American 
atsunamistrikes, } boats or buildings that thewaterrushes Plates sliding by each other. 

leaving the seabed bare. lie in its path. ip back to theocean. 


é though far taller waves have been recorded ~ 524 
ir to the effect of sloshing water ina metres (1740 feet) at Lituya Bay, Alaska, in 19581s the 
are essentially gigantic waves, which —_ highest. They sweep inland faster than running speed, 
oss oceans at speeds similar tojetaircraft, upto _carrying away people and buildings like. The2004 
flometres (435 miles) per hour, and they often Indian Ocean tsunami, for example, claimed 300,000 
ch heights of 20 metres (66 feet}as they hit the coast, __livesand made nearly 2 million more homeless. 


13.Aretheredifferent  ,Ryynpaeneieta 
types of earthquake? siesta : 


Primary (compressional) waves 
Strike-slip fault P-waves are the fastest waves created by 
, 2 anearthquake. They traverse the Earth's 
Vine MME sero: resinethrownbonsidend ( MDOCarthCuakes 
i etrilees: iiweheee § molten rock. They shake the ground back 
i straight cracks in the crust and forth -likea Slinky -in their travel happen off rth? 
where twoplates aresliding direction, but do littledamage as they ‘Theres evidence of ‘marsquakes’ on Mars as 
horizontally past each other. only move buildinge up and down. wellas quakes on Venus. Titan (a moon of 
Byery time sections the fault Saturn) and several moons of Jupiter alsoshow 
moves, an earthquake ect, signs of quakes. Seismometers on the Moon 
detected tidal ‘moonquakes’ caused by the pull 
of the Earth’s gravity, vibrations from meteorite 
impacts and tremors caused by the Moon's cold 
crust warming after the two-week lunar night. 


Normal fault OKT 
Earth’sbrittlecrustdecomes iim 


fractured along fault lines. 


Quakes occur alonga normal 
fault when the two sides move 
apart. Rock slabs sitting above 
the fault slide downin the 
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direction the plates are moving, Seconcaly (heat) Waves ee 
tins -waves lag behind P-waves, travelling 
like at the Mid-Atlantic Ridge. : 
17 times slower and only through solid 
Thrust fault rock, However, they do more damage 
POMC CKEw since they're bigger and shake the 
thrust faultina subduction ground vertically and horizontally. 
zone. Suchzones are associated 
with the most violent quakes, 


as oceaniccrust grinds beneath 4 

continental crust and creates ' 

great friction. Huge stresses can =| ee 

build here, releasing the energy —_ 

of 1000 hydrogen bombs. = 
— 
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© This plate is moving 


Pacific Plate ‘North American Plate 
This continental plateis 
north-west at 6cm(2.4in) | movingnorth-west by abou 
annually; itwillbring —_Jacm (o.4in) eachyear, but 
San Francisco alongside | south-east relative to the 


Los Angeles in around 15 


Lithosphere 


(nomi) deep and up to 
1,600m (5,250ft) wide. 


measures about 100km 
Inside aresmall fractures (62mi) thick. 
and pulverised rock. 


19. Could Africa ever be 
split from Europe by an 
earthquake? 


The Eurasian and African Platesare not splitting apart; 
they're actually moving towards each other at about1 
centimetre (0.4 inches) per year. In the future, it’s possible 
that the Eurasian Plate may begin to slide under the African 
Plate. Even if the plates were moving apart, you'd need a 
mega-quake to yank Africa away from Europe in one go. 
There is no known fault long enough to create a mega-quake 
above magnitude 10; the most powerful in history was a 9.5. 


Asthenosphere 


18. Why is theSan 
Andreas Fault prone 
tolarge quakes? 


Longer fault lines in the Earth’s crust have larger earthquakes, 
which explains why the strike-slip San Andreas Fault has had 
several quakes that have clocked in at over magnitude 7. The 
San Andreas Fault extends 1,300 kilometres (800 miles) along 
the coast of California. When fault ruptures, it ‘unzips’ along 
its length, Each section of the fault releases energy - the longer 
the faultis, the more energy there is that is released and so the 
bigger the associated quake with each ‘unzipping’ event. 


Inside San Andreas Thetopofthemantleand About 100-350km 
Thefaultisaround16km crust togetherareknown —_(62-217m1) below Earth's 
asthe lithosphere, which _ surfaceis the 
asthenosphere, alayer of 
hot, weak mantlerocks 
that flow slowly. 


Scientists believe that the San Andreas Fault is currently 


overdue fora potential magnitude 8.1earthquake overa 


547-kilometre (340-mile) length. The southern segment has 
stayed static for more than a century, which has allowed 


enormous stresses to build up inside it. 


20.How ill fl pepates 
jumping wouldit take 
tore-create thesame 


reading as the Tohoku 
earthquake? 


You'd need a million times Earth’s population, 
all jumping at once, to generate the energy 
released by the Tohoku earthquake. This is 
calculated by assuming Earth’s population is 
10 billionand each person generates 200 joules 
of energy by jumping 03 metres (0.98 feet). 


21.How did the Japan Trench form? 


A390-kilometre (242-mile) stretch of the Japan Trench is associated with 
Japan's 2001 Tohoku earthquake. The trench isa vast chasm in Earth's crust 
at the junction between the Pacific Plate and tiny Okhotsk Plate under Japan. 


The Pacific Plate is moving we 


rds and diving beneath the Okhots! 


Friction between the two plates causes them to lock together and pressure to 
build. Sudden slippages release the tension ina violent burst of energy. 


Japan island arc 
Japan isa chain of 
islands formed when 
underwater volcanoes 
grow large enough to 
poke above the acean. 


Subduction zone 
The oceanic Pacific Plate The Pacific Plateslides 
hits the much smaller beneath the Okhotsk 
Okhotsk Plateasitmoves Plate becauseit is made 
west towards Japan, of denser oceanic crust. 


Pacific Plate 


Japan Trench 

The trench isone of the 
deepest pointsin the 
world’s oceans, up to 9km 
(5.6mi) belowsea level. 


Volcano 

Water from the Pacific 
Plate helpsmelt 
overlying mantle 
rocks. Volcanoes form 
when this explode: 
through the crust. 


Okhotsk Plate 
The Okhotskisa 
continental plate that 
lies beneath the 
northern part of Japan. 


Can animals 

predict quakes? 
There's little evidence to 
indicate whether or not animals 
are actually capable of 
predicting earthquakes, but 
many stories exist of odd 
behaviour. These include tales 
of hibernating snakes fleeing 
their burrows in China in1975,a 
full month before the Haicheng 
earthquake struck. 
2. Where is the safest 

place to be during 
an earthquake? 
The safest place inside is 
underneath a sturdy table, 
away from light fittings and 
windows. The safest place 
outside is out in the open away 
from any buildings and 
electricity cables. 


If | were stood ona 
beach during an 
earthquake would | sink? 
Perhaps, butit’s unlikely you 
would drown. During an 
earthquake, wet sand or soil 
can behave like quicksand -a 
process called liquefaction. A 
quake vibrates the sand, 
separating the grains so that 
they flow like a liquid, It’s 
extremely unusual and even 
then people will rarely sink 
below their chests during 
liquefaction as they will float. 
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White water occurs in the upper 
course of the river when the gradient 
and obstacles disturb the flow of 

water, causingit to churn and create bubbles. 
These bubbles reflect back much of the light 
that hits them, making the water appear white. 
Whethera river flows smoothly often depends 
on itsspeed, and the steeper the riverbed, the 
fasterthe waterwill flow. 

The combination of fast-flowing water 
and obstacles like rocks causes the flow to 
become turbulent, with unpredictable 
variation in the speed and direction of the 
water. This creates a variety of features in the 
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river. Where water doubles back on itself, 
pockets filled with bubbles open up; these 
provide much less buoyancyand feel like 
‘holes’. Objects lodged in theriver, like trees, 
can act asstrainers, allowing water topass 
through, but blocking the passage of larger 
debris. And in areas where the water moves 
rapidly, itwears away at the surface of rocks 
underneath, creating undercuts. 

The challenges of navigating the variable 
features of white-water rapids - whether they 
be juttingrocks, whirlpools or pressure waves 
~attract thousands of adrenaline-junkie 
kayakers and rafters every year. 


Huka Falls is aseries of 
‘waterfalls that drops over 
11m (36ft) on the Waikato 


eT 
What causes rogue waves? 


What are these freakishly giant waves that appear 


Overlap 


as if from nowhere far out at sea? 


Maritime history has long told 
(> 5} of infeasibly tall waves that 

strikesuddenly during calm 
seas and topple boats. And yet to date 
little is understood about what causes 
these mystery waves. An ESA project 
confirmed the existence of these 
mammoth swells whenit recorded ten 
waves all over 25 metres (80 feet) during 
a three-week period in 2001. 

A rogue waveis defined as being 
around three times the average height 
of the other waves around it. So they 
needn'tactually be massive ~ Just 
surprisingly large compared with the 
general sea state. 

Their very nature makes it difficult to 


Wind/wave 
direction 


Energy can be exchanged between 
multiple waves to generate abnormally 
large ones. For example, when a small, 
fast wave catches up witha large, slow 
wave, the energy of both can 
combine to create a single, 
high-intensity wave. 

There are also specific 
regions of Earth more prone 
to rogues. The interaction of 
surface waves and the 
Agulhas Current near South Africa’s east 
coast, for example, is thoughtto breed 
giant waves propagating from east to 
west. Environmental engineers at the 
University of Wisconsin-Madison 
discovered that when fast waves from 


Superwave 
Ifthe peak ofa wave 
fallsinsynewith 


another thisis called 
constructive 
interference anditcan 
generate superwaves. 


ction of 


As 
>. 


strong current 
—“™ 


~~ 


If two waves moving at 
thesame frequency 
coalesce at the same 
point their energy can 
combine. 


Out of the blue 
While maths canbe 
used to evaluate what 
happens when waves 
meet, rogues remain 
unpredictable. 


Turbulence 
Erratic conditionscan 


predict or pinpoint their cause as factors 
such as water depth, currents and other 
variables will affect the propagation and 
development ofa single wave. 


one direction interact with strong 
currents moving in the opposite 
direction, a wave could rise up and 
‘climb’ the current’s wall. @ 


interfere with variables 
that affect normal wave 
propagation, leading 
‘waves to cross at 
different angles. 


How vegetable sheep survive 


High in New Zealancis mountains grow remarkable plants whose woolly hummocks resemble flocks of sheep 


About 2,000 metres (6,650 feet) up 
inthe mountains of New Zealand's 
South Island, grey shapes stand 
like a flock of unmoving sheep. These 
rounded, ovine cushions are actually 
Raoulia plants, covered in woolly leaves; 
they are more commonly knownas 
vegetable sheep because of their fluffy 
whitish appearance. 

Plants of the high mountains (called 
alpines) have to survive incredibly tough 
conditions. In winter they are frozen or 
buried under snow, while insummer, rain 
drains downhill and many hours of 
sunlight bake the land. 

The cushion shape of Raoulia protects it 
from the weight of snow andit shelters from 
high winds by hugging the ground. Its 
woolly leaves form awinter blanket while 
their grey colour reflects the Sun’s rays. 


‘Astheeushion grows, its 
centre rots, forming spongy 
peat.fiomwhict jant’s 
roots draw nutrients 

Tact 
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Planet Earth 


Rainforestsare found mainly 
intropical regions near the 
equator where the climate is 
consistently hot andwet, 
allowing the rapid and 
prolific expansion ofall forms of life, be it 
flora or fauna. From the heartlands of South 
Americo, through the jungles of Africaand 
India, tothe north coast of Australia, the 
rainforests area phenomenal breeding 
ground for evolutionary processes and major 
players in maintaining the world’s natural 
cycles, responsible for over 28 per cent of its 
oxygen turnover. 

However, despite their massive selection 
ofindigenous lifeformsand overall 


the 


; ~y 
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importance to the Earth’ @ e x 
production, the rainfores S 
six per cent ofits surface, anumber that 
thanks to perpetual deforestation is 
reducing daily, causing many species to be 
driven to extinction and the climate of many ae 


parts ofthe globeto change radically. This i 


because despite initial appearances, . 
rainforestsare highly complex and intricate : 
systems, consisting of multiple layers that © 
shroud the plethora of activity that is . 
undertaken in each. Indeed, ithas only been ; 
thanks to recentadvancesin scienceand . 


technology that scientists and biologists 


ec” Receiving Upto 2,000 millimetres of rainfallannually, and 
their full glory, recording footage, imagery 


and resilts thet ave hishlightes iF home to over 50 per cent ofall Earth’s species, the rainforests. 


anything, how much we still don't of our planetare a unique and life-abundant environment iat 


understand about them. . y > 
mre en@ss Which still remain largely unobserved 
been made in the rainforests of the Earth, . y 
each providing a snapshotinto thisalien > : ‘ 
world. Here we take a closer look at how the 
rainforests tick, with specific emphasis on 
their makeup, diverse species of plants and 
animals, natural processes and the threat to 
them from deforestation. 


Many species 
ofparrot 
dwellin 
rainforests 


~The pes of rainforests 


Uncovering life belowthe surface : 


The highest level of any rainforest is the emergent 
layer, consisting of large (70-80 metre tall), spaced- 
out treesthat reach far above the general canopy. 
These giants of the forest are characterised by 
their umbrella-type tops, perfect forcatching 

~ light, aswell as theirsuper-thick trunks, ideal for 

§ keepingthem upright when strong winds hit their 
exposed upper extremities. The emergent layer is 
home tomany species of bird, insectand 
mammal, including eagles, monkeys and 
butterflies. However, due toits height and direct 
exposure to the Sunand high winds, the emergent 


CANOPY LAYER Height: 35-40m 


Estimated to house over 50 per cent ofall plantspecies 
on Earth, the canopy layer is one of the densest 
| layersof biodiversity to be found ina 
rainforest. The canopy layer issimilarin 
faunato the emergentlayer, but farmore 
diverse due to shade, moisture and 
moderate temperatures. It mainly 
consists ofa thick-layered system of 
vines and branches where animals 
shelter from the Sun’ rays. Examples of 
animals that live in the canopy layer 
include sloths, parrots and toucans. 


UNDERSTORY LAYER Height: 


Directly beneath the canopy layerand on top of the forest floorlies 
the understory layer, a dark, dense, humid maze ofshrubs, vines 
and broadleaf trees, Home to animals suchas the snakes, jaguars 
and lizards, the understory layer is one of the most hostile of all, 
wherethe battle forsurvival isfierce. Very little light managesto 
breakdowntothislevel 
thanks to the overarching 
canopy, causing many plants 
and trees to grow large leaves 
to maximise whatever light 
they can get. Insect life 
prolificat this level, with 
leaf-cutterants, spiders, 
mosquitosand mothsa 
common sight. 


FOREST FLOOR Height: 0-0.5m 


The lowest layerin any rainforest is the 
forest floor, a ground layer where the soil 
quality is exceptionally poor due to the 
almost total lack of sunlight. This level 

is prolific, however, in mosses, fungi 
and microorganisms (suchas termites 
and earthworms). 


The rainforests of the globe are inhabited by 


some of its most amazing creatures 


Rainforests are tremendously rich in animal jife thanks to their 
humid, life-abundant climates. A usual population for an area 
ofrainforest can contain insects, reptiles, amphibians, 
birds, arachnids and mammals, with a diversity across all 
its layers unmatched anywhere else onthe planet. 

Among the most exoticinhabitants are the toucans, 
brightly coloured birds characterised by their enormous 
rainbow bills, ideal for reaching for fruitand other food 
in hard-to-reach places, as well as to intimidate 
potential predators. 

Anotherspecies ofanimal the eastern rainforests 
boast is the endangered Bengal tiger, of which thereare 
onlyabout 2,000 left inthe wild. The second largesttiger on 
Earth, Bengal tigers can grow up to over three metres 
and theiraverage weight is 221 kilograms. As obligate 

carnivores, the amount of meat required to feed a 
Bengal is staggering (they can wallop 20kg ina single 
sitting), something that they achieve through a 
consistent diet of boars, deer, monkeys, birds 

and, in extreme circumstances, elephants, 
bears, leopards, wolvesand even humans. 

‘Three-toed sloths can also be found inthe 

rainforest. Famously slow moving (they havea top 
speed ofjust o.24km/h), it isan almost totally tree- 
dwellingspecies, with its entire body built to hang 
from thick branches and vines. These sloths tend to 
inhabit the understory layer of the forest. 


‘The swampy ands 
‘deprived understory 
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Numerous frogslive in 
rainforests;many are 
poisonous 


Known as the ‘worlds largest pharmacy, many of the 
natural medicines we use originate here 


Theamounts of chemicals that can be found in 
the plants of the rainforestsare quite 
staggering. Take the cocoa tree for example, 
which produces more than 150 chemicals in 
its leaves, fruit, seeds and bark. The chemicals 
ofthis highly medical plant have been used to 
treatanxiety, fever and kidney stonesamong 
other things, as well as holding polyphenols 


that reduce the chance of cardiovascular 
disease and even cancer. 

Anothermuch-used medicinal plant from 
the Amazonian rainforest is the Achiote. Parts 
ofthis small shrub/tree can be used tomake 
medical remedies for conditions such as 
leprosy, tonsillitis, pleurisyand apnoea. In 
addition, the sap from the Achiote’s fruit is 


leThinkstock 


Systematic 
Square kilometres of forestare 
‘systematicallydismantled to 


Roads 


Roads snake throughmany 
areas oftherainforest, 
allowing heavy logging 
machinery to be broughtins 


besoldon to loggingand 
‘construction firms! 


Barren 
‘Thebarelandieft by logging 
causes massive flooding problems 
asthereareno longertreesto 
absorb rainfall slowly. 


used frequently to treat type 2 diabetes. 
Historically, records have shown that the 
native peoples ofSouth America used the 
properties of the Achiote to lower blood 
pressure andasan insect repellent. 

However, notall plants are medicinal, with 
many ofthe mostaggressive and carnivorous 
species thriving in the humid, moisture- 
abundant conditions. Among the most famous 
oftheseare the carnivorous Venus flytrap and 
Pitcher plant, both of which devour numerous 
insects, reptiles and smallmammals. 

The Pitcher plant, which can be found 
mainly on the island of Borneo, trapsits prey 
byluring insects and small animalsinto its 
conical body through itsattractive appearance 


and corpse-like smell. Once inside the victim 
slips intoa pool of lethal liquid at its bottom 
dueto slick inner walls, before drowningand 
being slowly digested. Pitchers have evolved 
thisunnatural taste for blood due to the harsh 
conditions inwhich they grow, only found on 
the forest floor layer ofa rainforest. 

The Venusflytrap, on the other hand, 
devours preyina far more elegant manner. 
Luring prey into its waiting jaw through the 
sweet sticky nectar within, the flytrap then 
snaps shut on its prey when minuscule hairs 
are brushed against. The closing ofits two 
leaves over the insect takes onlya fraction ofa 
second, and while certain bugs may escape, 
the majority get encased and slowly digested. 


n plants 
that can eat rats 
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How plants work 


Could you stay put in your birthplace for hundreds of years, 
surviving off whatever happens to be around? 


Truly, it’s not easy being 

green. But plants not only 

survive, they thrive all over 

the globe, without the benefit 
ofmuscles, brains or personalities. It’sa 
good thing they do: plants head up nearly 
all food chains, pump out the oxygen we 
breathe, hold off erosion and filter 
pollutants out of the atmosphere. Over 
the past3.5 billion years, they've 
diversified into an estimated 320,000- 
430,000 separate species, with more 
comingto light every year. 

All this stems from one neat trick: 
harnessing the Sun’s energy to powera 
built-in food factory. Through this 
process, called photosynthesis, plants 
combine carbon dioxide with waterto 
create carbohydrates that they use to 
growand reproduce. 
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The earliest plants, similar to today’s 
algae, didn’t do much other than 
photosynthesise. They floated around in 
the ocean, soaking up waterand rays 
and reproducing asexually when the 
mood struck them. Then, around 500 
million years ago, plants evolved to live 
onthe land, to obtain the power boost of 
more abundant sunlight. The first 
landlubber plants still needed to staywet 
all over, however, so they were confined 
to perpetually damp areas. Today's 
mosses, liverworts, and hornworts have 
the samelimitations. 

Thingsgot moreexciting 90 million 
years later, when plants went 
vascular. Vascularplants have tissue 
structures that can distribute water and 
nutrientsabsorbed by one part of the 
body to the rest of the body. Instead of 


spending its days soaking ina puddle, a 
vascular plant can grow rootsdown into 
the groundto soak up water and 
minerals while sending shoots up into 
the dry air, topped with leaves that soak 
upsunshine to power the food factory. 

Plants can store this food in their roots, 
inthe form of root tubers, likecarrotsand 
sweet potatoes. Above ground, vascular 
plants protect themselvesand retain 
their watersupply by using a waxy, 
waterproof covering called cuticle. 
Cuticle makes plants hearty enough to 
reach highup into the air or spread far 
along the ground, 

Plants growat meristems, areas with 
cells that are capable of division -thatis, 
making new cells. Hormones control this 
cell division to growparticular forms, 
like leaves, as well as controlling the 
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direction of growth, guided by what the 
plant'senses’. Based on the settlingof 
starch grains thatindicatethe direction 
of gravity, the growth hormone auxin 
drives stems to grow up towards thesky 
and roots to grow down towards water. 
Then, plants actually turn leaves toward 
the Sun. Triggered by light-sensitive 
cells that effectively ‘see’ light, the 
hormone auxin causes more cells to 
grow onthe dimmer side ofa stem, 
makingthestemand attached leaf bend 
towards sunlight. Similarly, vines 
automatically curl when they come 
acrossalarger plant, causing them to 
wrapandclimb. 

Plants switch sexual orientation every 
generation. Each sporophyte generation 
produces male and femalespores, which 
asexually yield male and female plants. 
In this gametophyte generation, males 
produce sperm and females produce 
eggs, which join up to createnew 
sporophyte plants. Typically, the 
sporophyte generation isalarge, 
familiarplant, while the gametophyte 
generation is tiny, For example, pollen is 
tiny male plants in the gametophyte 
generation. The tiny malesand females 
producean embryo, orseed. 

When you can’twalk, spreading your 
seed requires some creativity. For 
example, flowering plantsattract insects 
with nectar, and then coattheir legswith 
pollen to carry tothe next plant. Plants 
also develop tasty fruits around plant 
seeds to entice animals to eat themand 
swallow the seeds, and then defecate 
those seeds miles away. 

Plants enrich every corner of human 
life, even beyond food andoxygen. From 
invaluable herbs - plants with medicinal 
or flavour value -to towering trees made 
from woody tissue, our original go-to 
construction material, plants prop up 
our civilisation. High-five one today. 
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way from floweringplants 


1. The carpel 

The female centrepiece ofa flower 
comprisesthe ovary andaslender 
neck called thestyle, which hasa 
sticky top calledastigma. 


6. The ovary 
Theovary 
includes multiple 
compartments 
called ovules, 
eachhousingone 
gametophyte 


~technically,a 

tiny 

female plant, 

7. The embryo sac 

Ineach ovule, cells divideto forman 

embryosac, which includesan egg, two H 
G 


nucleiandan opening for the pollen tube. 
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2. The stamen 


‘Theflower’smalemembersinclude 


thisstalk-like filament, topped with 
the pollen-producinganther. 
+) 3, The petals 


Flower petalsare likeaneon sign 
designed to attract insects that 
come forthe freenectar, then 
unintentionally carry pollen to 
other flowers. 


4. Gametophytes 

Inside each anther, gametophytes— 
technically microscopicmale 
plants-are encased in pollen grain 


capsules. Each includes two sperm 

| cellsandatubecell. 
5. The stigma 

Pollengrainsstick to the stigmaat the 
tip of the carpel, and producea pollen 
tube down thestyleand ovary. 


11. The seed 

‘Thecasing surrounding the 
ovulehardensaround the 
embryo, toformaseed. Whenit 
hasample warmth, moisture, 
and oxygen (typicallyin the 


Through cell division, oni I 
pring), theseed germinates— 

Se eee: thatis, beginsto growintoan 
fhe endosperm: = adult plant, 
~ 9. The zygote 

8. The pollen tube Oneofthespermeelis fertilises the egg creating 


azygote. The twonucleiandthe othersperm cell 


When the pollen tubereachesand 
Sauer tha aeaie ieelooacent fuse to formafood supply called endosperm. 


penetrates the ovule,itreleases the 
twospermcellsintoan embryosac. 


4, Prothallus 4 
Each spore growsintoatype of H 
gametophytecalleda pe zZ 
prothallus. Thisismuch bigger 3 
than thegametophytesin F 
flowering plants. Fie 
/ 
1, The adult fern 7 
sett. Fernsdateback360 millionyears, ‘ 6. Archegonia 
3. Spores »  makingthemmorethan25timesolder B\! Sperm from another prothallus 
Whenenough n thanfloweringplants. fertilises the egg inside the 
spires ent thes archegonia, toformazygote. 
burstopenthe 6 
podand f 5, Mature gametophyte 
disperse. 3) Theprothallusgrows botha female 
sex organ (thearchegonia)anda 
malesex organ (theantherida), 
2.Sporangia — ? which produces sperm. 
Inside these hard i 
podson the Le 
undersideoffern th 7. Young fern 
tons Weapon \ezygote grows intoa young 
cells multiply fern, and the prothallus 
structurewithers away. 
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Movement 


r of water 
Internal transportation systems Water moves from 
in plants move water, food and thexylem vessels, 


whichrun from the 
roots toleaves, into 
themesophyil cells. 


other nutrients between roots, 
stems and leaves. This system is 
the key adaptation that allowed 
plants to evolve elaborate shapes 


and towering forms. Evaporation 

Wateralongthewalls of 

Upper epidermis the mesophyll cells 

‘Thewaxy cuticle on the epidermis evaporates, forming 

keeps the plant from érying out. water vapour, 
Palisade mesophyll 

These cellsare rich in chloroplasts, Spongy 

which are integral in photosynthesis. mesophyll 

Mesophyl cells fit 

together to form most of 


Xylem vessel 
These vessels carry water, with dissolved 
minerals, from the roots to leaves. 


the tissueina leaf. 


Lower epidermis 
‘The lower epidermis can be 
thinnerthanthe upper 
epidermis, sinceit doesn't 
get directsunlight. 


Phloem vessel 

These carry food created in photosynthesis, 
from leaves o the restof the plant. 
Diffusion 

This water vapour exits the plantthrough leave 
openings called stomata. This continual exit of Stoma 
water creates negative pressure, which effectively Guard cells alongside each stoma (pore in the leaf) 
pullswaterup the xylem from theroots. open when sunlightand humidity arehigh. 


Flowerstigmas com 
invariousshapes 


Insectsseeking nectar pick up 
pollenontheir| 


Roots soak up water - 
through osmosis the 

drive for water to move 

througha cell membrane 


2. Water enters xylem 
Pressurefrom osmosis pushes waterinto 
xylem vessels in theroot core. 


froma less concentrated 1, Root hairs 

solution toamore Thin hairsextendingfrom the 

concentratedsolution, in > Water enters ih root increase the surfacearea 
¥ ie for osmosis, andso handle 

order toachieve Water continues q mostwater absorption, 

equilibrium. Cellsinroots  flowingthroughthe 24 

will havea higher xylem,upintothe © ay 

concentration than the above-groundstem, 

rounding water in the never elie RY 

saath 6 negativepressurein 

soil, so the water then the leaves, created by 

flows into the root. evaporating water. 
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In Greek, photosynthesis means ‘putting 
together’ (synthesis) using light’ (photo), 
and that'sa decent summary of what it’s 
all about. However, photosynthesis 
doesn‘tactually turn light into food,as 
you sometimes hear; it’s the power 
source fora chemical reaction that turns 
carbon dioxide and water into food. 

The energy of light protons 
temporarily boosts the electrons in 
pigment molecules toa higher energy 
level. Inother words, they generate an 
electrical charge. The predominant 
pigmentin plants- chlorophyll - 
primarily absorbs blue, red, and violet 
light, while reflecting green light (hence, 
the green colour), Insome leaves, 
chlorophyll breaks down in the autumn, 
revealing secondary pigments that 
reflectyellows, reds, and purples. 
Pigmentsare part of specialised 
organelles called chloroplasts, which 
transferthe energy ofexcited electrons 
in pigments to molecules and enzymes 
that carry out the photosynthesis 
chemical reaction. 


Colghrful petals age dog@fied 


‘oalimigemsects 


Harnessing sunlight Expelling oxygen 
Chlorophyll and other pigments absorb ‘The oxygen fromthe water isn't 
energy of light photons from theSun. necessary tomake food, sothe 

plantreleasesit through pores 


called stomata. 

Vacuole 
Nucleus Amongother things, 
The cell nucleus this organelle 
houses genetic containswaterthat 
instructions helpsmaintain the 
(DNA)andrelays turgorpressure that 
instructions to keeps plants erect. 


therestof 
thecell. 


Making food 
Through additional 
reactions, the plant 


Breaking converts glucose 
water down intoa range of 
Theenergy from useful compounds. 
light breaks water Sucrose actsas plant 


moleculesdown fuel, starchesstore 


into hydrogen energy forlater, 
and oxygen. proteinaids cell 
growth, and 

cellulose builds 


cellwalls. 


Chloroplast 
‘Thesearetheengines 
forphotosynthesis. A 
typical leafpalisade 
cell includes upto 


— 2oochloroplasts. 


Adding carbon 
dioxide 
Plantsgetall the COa 
they need from theair. 
COzcombineswith 
hydrogen tomake 
glucose, asimplesugar. 


How much of the 
lanet is covered 

forest? 

4omillion sq km (15,444,10059, 

miles), ora third ofthe Earth's 

land area, is covered by forests. 

349% Rest of theworld 

20% Russian Federation 

12% Brazil 

8% US 

8% Canada 

5% China 

4% Australia 

3% Democratic 
RepublicofCongo 

9 2%India 

10 2% Indonesia 

11 2% Peru 


ONAUEwnH 
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Beginning lifein the mountains, 
rivers form from streams created 
through precipitation or springs 
ofwater thatare sourced from 

groundwater that has percolated the earth. 

These streams, knownastributaries, then 

flow rapidly through V-shaped valleys, over 

rocky terrain andover rock edges, where 
they’re known aswaterfalls. This is the first of 
three stages ny river goesthrough and is 
knownas the upper course or youth 

By the secondstage, knownas the middle 
course or maturity, many tributaries will 
have joined together to form the main body of 
water that makesup the river. The river 
meandersata medium speed across narrow 
flood plains, which are areas of flatland lying 
either side ofa river. Flood plains are formed 
when successive flooding causes sediment to 
be deposited on the banks. 

As the river followsits course it carries with 
ita load, which ismade up of rocks, stones, 
sand and other particles. Itis the load that 
causes erosion asthe materials crash against 
the banks of the river. The loadis transported 
down the river infour ways, depending upon 
thesizeofthe material. Traction is the rolling 
ofthe largest particles across the riverbed, 
whereas saltation is the bouncing ofthose 
slightly smaller. Finer materialsare carried 
along through suspensionandsomeare 
dissolved within the waterand are moved 
throughsolution. 

The final stage ofa riveris the lower course, 
and predictably is sometimes knownas old 
age. By this time the river has slowed 
considerably as itheads towards thesea 
across broad flood plains, finally ending at 
whatisknownasthe mouth - where the river 
finally joins the ocean. Deltasare formed as 
therriver depositsits load. 


‘The delta ofthe Atch: 
onthe Gulfof Mexico 
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How rivers 


The rivers fascinating processes and intriguing 
features from startto finish 


Flood plain 
The flatland either 
sideofthe rivers 
where floodwater 
goesandsedimentis 
deposited when the 
riverfloods, 


Meander 
Astherivertravelsits 
courseitsload erodes 
thesidesand carves out 
bendsthatare known 
asmeanders. 


Delta 

‘Thisiswhere theriverslows 
downasitreachestheseaandas 
thewaterslowsitdepasits its 
load. This deposited sediment 
formsthedelta, 


Mouth = 
Thisisthe end oftheriver, 

whereitwidensand 

joinswith thesea. All 

riversendthisway. ~ 


wa River 


Source 


Itishere the river beginsitslife, in the form 


ofsmallstreamsup inthe mountains, 
which eventually come together to form the 
main body of the river. 
“Ss » 


© Science PhotoLibrary 


Fast-moving current, 

aided by waterfalls 
~ Waterfall 
‘Theseare formed over thousands 
ofyearsasthe river erodesaway 
softrock; the morethesoft rock 
iseroded thesteeperthe 
drop becomes. 


River basin § 
Allofthelandaround & 
theriveristhe river 
basin. The water 
drains from this land 
intothe river. 
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Avalanche! 


What causes these often deadly snow slides? 


® Although the potential foran avalanche ispresent whereveryou find amass of 
snow onaslope, thereare three main types of avalanche each dependent on 
several conditions: the type of snowin thesnowpack, the temperature, wind, 
the steepness and orientation of the slope, and vegetation (oranchors). 


avalanche 


forecaster for 
the Canadian 
Avalanche 
Centre, to find 
out more 
What are the most common 
avalanche triggers? 
3 ‘Cam Campbell: The most common 
triggers forall types ofavalanches 


are natural; {including} loading from 


newsnow, rain or blowing snow, 
‘The startingzoneisthesection oftheavalanche rapid warming ofthe nnowpeck from 


SEF pathatwhichtheavalancheisreleased, sending an increase inalrtemperaturé or 
® unsecured snow downhill. Itnormallyoccurson intense solar radiation, falling, 


& asteep slopeofbetween3oandsopercent. cornices, or othernatural snowpack 


Pe stressors. |..] Most fatal avalanches 


1. Trigger 
Thisdisturbance iswhere theavalanchebeginsto 
fractureandit tends to be high up theslopebutcan 
still occuranywhere ona mountain. goper cent of 
fatalavalanchesare triggered by the victims, 


are human-triggered by thevictim or 
someone in theirparty. 


How and why are avalanches, 
3. Track sometimes triggered intentionally? 
Thetrackisthemain path downwhichan CC: [Avalanchesare triggered 
ee _@ avalanche flows. The snowwillettherslidedown intentionally] to reduce the threat of 
This consists ofthe asasheet or concentrated ingullies. Towardsthe futureuncontrolled avalanches. Any 
starting zone, the track bottom ofatrackyoumay well seelarge piles of time anavalanche sintentionally 
snow, bouldersand treeremains. triggered, strict procedures, such as 


ane % accessclosuresand spottersare in 


The avalanche 
path 


place to ensure nobody willbe 
adversely affected. Skiresorts or 
commercial backcountry operations 
often stabilise slopes by triggering 
avalanches before openingto the 


4, Run-out (debris toe) public. Intentional triggering can be 
Astheslopeflattensout-ormeets preci ey through: eet 
anotherslope-theavalanchewillcome controlled explosives well away from 
of avalanches BP crest Thisareelstherun-outend theavalanche path, orhan¢-o 
Dry consistscfa pile ofsnowand debris helicopter-deployed explosives, 
Occurringbelow freezing, dry picked upalongtherun.Any above the path. 
avalanchesareusually triggered by unfortunate victimswould likely be 


Joadingirom new snow orblowing 
snow. These high-speedslides 
consist ofairand powdery snow, 
beginningatasinglepointand. 
gatheringspeedandmass. Asit 
‘moves downhill, pressure builds 
ahead ofthe mass ofmow,creatinga 
powerfulbiastofaircapable of 
destroying mostthingsin tspath. 


Slab (60-80mph) 
‘Themostcommon-nottomention 
deadly -typeofavalanche occurs 
whena ayer of compacted snow 
overliessoftersnow. When the 
\weakersnow can no onger support 
thesnowabove-orifapassingskier 
addstothewelght-the hard ayer 
(usually30-Bocm) will fracture ikea 


paneofglassandslideaway. Ifa 
victimisinthemiddleoftheslab, 


theyareunlikelytosurvive. 


Wet (10-30mph) 
Wetavalanchesmovesiowerthan 
theirdrierelativesand occurasa 
resultofrainorwarmerweather 
meltingthesnow. Rain or humidity 
softens thesnowpack, breakingthe 
bonds between water molecules, 
Although wetavalanchesaresiower 
anddont featurea dust cloud, they 
arestillhighly destructive, capableof - 


 draggingbouldersandeventrees - 
ee aes — 
— 


foundin thisarea ofdeposition. The 
very end of the deposited snows 
referred toastheavalanchetoe. 


“Wh teri 
Icebergs rozenitcytases 
reaucing Its densi 
explained : 


soitcan float” 


kena 2 ot . ~ Above the line 
When glacia as , th ofan icebergisabove the 
carries on mo\ eran ‘ ine. Thatpart consistsofsnow, 
"which isnotvery compact. 
together with the sheer weig 
causes fissures that weaken the i 
break off and float away. This" 
calvingand the ‘bits’ are known. _ Below the fine 
You only seea fraction of the iceber; t eS apie 
yi 3 erg x eforerelatively heavy}and keeps 4/sth of 
level, butit doesn’tsink thanks to buoy e 3 J the iceberg under water. 
upward force of buoyancy acting upon ct f 
floating ina liquid is equal to the weight ofthe volume of 
liquid that is displaced by the object. The reason the ice ft Freshwater 
isn’timmersed is that - unlike other solids —ice is less dense ; r Glacial ice (and so icebergs) is made 
than the liquid form it once had. When water is frozen it fromsnowfall, whichis freshwater. 
crystalises, meaning there's air between the molecules, reducing 4 ‘That's why iceberg: aremadefrom 
its density and enabling it to float. @ freshwater, notsaltwater. 


waterparticleswhirlingup 
anddownandupand down 
through the cumulonimbus 


‘Some hailstones can re W a 
reach thesize ofan orange \ cloud, where they fuse with s ; 
| otherparticlesandgainin r 
| sizeuntilthestoneistoo 
1 heavytoremainairborne. z 
Downdraught { Poel ek we 
When thehailstonecan deta iee 
eae by atthe top, causing powerful ; 
rearcent ivileod risingair currentsthatsend 
with the falling coolali ice particles higherwhere 
ingcoolair itis colder, They collect 


and drop out ofthesky. moreandmorefrozen 


il 


The water cycle 


Rain falling today has spent billions of years travelling 
between Earths clouds, oceans and ice 


‘The water —or hydrological -cycleis the 
Earth's water recycling system. Since 
waterrarely escapes the planet orarrives 
from space, thewater cycle keeps rivers 

relentlessly flowing into the oceans and the 

atmosphere supplied with cloudsand rain. Without 
it, lifesimply couldn'texist. 

The water cycle circulates water between the 
oceans and atmosphere, sometimesvia the land. 
When ocean water is heated, itturns into water 
vapour, which rises into the atmosphere and is 


Ocean water isheated, 
evaporatesand risesintothe 
atmosphere as water vapour. 
‘Thevapourcoolsasitrisesand, 
atsome point, condensesand 
formsclouds. 


carried by winds. The vapour cools at some pointand 
forms clouds. Around 78 per cent of the rain, snow 
and other forms of precipitation falling from these 
clouds goes straight back into the ocean. The rest 
falls over the Earth’s continents andislands. 

Some of this water runsinto rivers and lakes and is 
carried back to the sea, Water also seeps backto the 
oceansthrough deep soil and rocks, becoming the 
Earth'sgroundwater, Water fallingas snow over the 
polarice sheets can be buried, sometimes for 
millions ofyears, until itreaches thesea via 


Loss from 


‘ Plants contributeabout en per centof 

thewaterin the atmosphere by losing 
pee water drawn from theground through 
theirleavesbytranspiration. 


slow-moving glaciers. Water thatstays in shallow soil 
can be lifted back into theatmosphere whenit 
warms. Alternatively, plants may suck up soil water 
through theirroots and return it to the atmosphere 
through their leaves. When animals eat plants, they 
take the water into their bodies and expel itinto the 
airin their breath. 

Humansare increasingly altering the water cycle 
onland by building citiesand floodcontrols, and 
capturing water for drinking, aswell as agriculture 
and industries 


ion 


‘The RiverIndusteached 


30 kilometres wide in places 


Snowfall 


‘Snowmeltsimmediately orwhen 
theweatherwarms, butifitfallson 
glaciersoricesheets,itcanbe 
locked up forhundredsoreven 


lions ofyears. 
Water vapour transport a 

Aroundeight percent ofthe water 

evaporated from the oceansis, 

carriedoverthe land by winds 

circulating through theatmosphere. 


’ Floodsaffect tens of thousands of people each year, asis 

Rainfall - evident from 2010's devastating monsoon floodingacross 

Rainrunsoffintoriversor Pakistan. The flood, which affected some 20 million people, 

infiltratesinto theground was the result of the heaviest monsoon rains in the area for 

whereitistaken up by plantsor generations. On 8 August 2010 the River Indus burst its 

‘moves into groundwater. ; Gt 
banks, sweeping away entire communities. While it's 
normal for Pakistan to receive halfitsannual rainfall 
(250-500mm) during the monsoon months of ulyand 
August, the country was reportedly bombarded with 
300mm on29Julyalone. The Met Office suggests several 
possiblereasons for the unusually heavy rains, including 
changesto upper atmosphere airflow, active monsoon 
systems, and La Nifia (El Nifio in reverse). 


Serious floods, likethose 
Pakistan during Julyand 


Around.14 per centof evaporation occursover: 
land from lakes, rivers, iceand the ground. Ice 
alsoturnsstraight into water vapour without 
melting, a process called sublimation. 


Water infiltrating into thesoil can seep 
into the ground where it flowstowards 
streamsand the ocean, orentersdeep 

underground stores called aquifers. 


te) 
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The Earth’ 
atmosphere 


It's all around us, but how much do we 
know about our atmosphere? 


Our atmosphere (made up of 78 
per cent nitrogen and21 percent 
oxygen, with other gases 
making up the last per cent) is 
held in place by gravity and 
consists ofa number of different layers that 
work together to protect us from solar 
radiation and to keep consistent temperatures. 
The atmosphere gets thinner with altitude, 
with 80 per cent of its mass in the first layer 
closest to the Earth’s surface. There are five 
main layers that make up the atmosphere. The 
troposphere is the first layer (and is where our 
weather occurs), followed by the stratosphere, 
mesosphere, thermosphere and exosphere. 
There isno definite boundary between where 
the atmosphere endsand outer space begins, 
though the Karman line at1ookm above sea 
level is often regarded asathe boundary. 
There are other layers that exist alongside 
the five main layers. The lowest of these is the 
‘planetary boundary’, which is within the 
troposphere and closest tothe Earth's surface 


The northern light 
partly by theatmo: 


Moisture in the air 
‘The gaseous water vapour in 
ouratmosphereis responsible 
for ourrain, snow, hail, fog,and 
clouds. Ifthe vapourwas to fall 
evenly overthe planetas 
precipitation, each year25mm_ 
ofwater will have fallen. 
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andits depthcan vary widely between 100m to 
3,o00m as it is directly affected by conditions 
onthe surface. The ozone layer is the onethat 
most of us will be familiar with and this is 
contained within the stratosphere, in its lower 
portion. Around go percent of the ozone in the 
atmosphere lies here. The ionosphere is what 
causes auroras, suchas the northern lights, as 
itisionised by solar radiation andstretches 
from 50 tox,o00km, overlapping the exosphere 
andthermosphere. 

Finally, the homosphere and the 
heterosphere run from the Earth’ssurface to. 
around 8okm and from 80km upwards 
respectively. They areso-named because of 
the way the gases within them are mixed. The 
heterosphere hasa chemical composition that 
changes with height, whereas the 
homosphere’s make-up remains more 
constant. The five main layers are based on the 
thermal structure of the atmosphere, whereas 
the additional layers mentioned here are 
classified according tocomposition. 


4s 


30 


4s 


0.0m 


Exosphere 


Stratosphere  Mesosphere Thermosphere 


Troposphere 


10,000km 


690km 


80km 


50km 
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5. Exosphere 
‘The final layer where particlesare 
widely spacedand can travel 
hundreds of kilometres before 
colliding with another particle. 
‘The makeup ofthislayerismainly 
hydrogenand helium, 


4. Thermosphere 
‘Temperaturesstartto increase 
with height. Thisisalso the layer 
inwhichthe International Space 
Stationorbits, between 320and 
380km, and shuttles fly into. It 
extendsup tothe base ofthe 
exosphere, calledthe exobase. 


“This rockmade it 
<= throughthe, 
= _Mesosphere 


3. Mesosphere 

Extends from thestratopause 
(again, the layerboundary)toa 
height of80-85kmandisnotably 
the layerin which meteors bum 
upwhenentering the 
atmosphere. Temperatures 
decrease with height, and inthe 
mesopause isthe coldest place 
‘on Earth (around -100°C). 


2. Stratosphere 

“seem Starts from the tropopause (the 
boundary between the firsttwo 

layers) up toaround s1km, with 
temperaturesincreasing with 

height. Thisiswhere you'll find 

thingslike weather balloons. 


“se-eeeee= 1. Troposphere 


Thefirstlayerof 


extendingto between 
7kmandy7km. tis, 
heated bya transfer of 
energy from the Earth's 
surface, soitgets cooler 
asitgoeshigher. 


Water vapor 


Pollution 
intheair  _— _ = 


The effects of pollution 
include smog, acid rain, the 
greenhouse effect, and holes 
inthe ozone layer. Each 


wo Nee Sian Seon TROPOSPHERE 


LONG-RANGE TRANSPORT OF AEROSOLS AND GASES 


problem has implications for C—. I > 
both our own healthand the 
environment around us. 0; production 0) production 

The carbon dioxide gas = 
produced when fuelis , 


burned may contribute to the 
greenhouse effect. Plants can 
convert CO, back to oxygen, 
but the human production of 
CO, currently exceeds the 
amountthe plants can 
convert back. 

Rife in cities, smog isthe 
result ofsmoke, fog, and 
chemical fumes caused when 
different pollutants combine. 

Acid rain occurs whena 
pollutant, such as sulfuric 
acid combines with droplets 
ofwater in the precipitation 
and becomes acidified. 


The greenhouse effect 


The greenhouse effect’ is what keeps our planet warm. The atmosphere contains gases 
that absorb and emit infrared radiation. These gases trap heat within the troposphere 
layer of the atmosphere and thisheats the planet’ssurface. Without the greenhouse 
effect, the Earth's mean temperature would be around very inhospitable -18 or-19°C 
instead of the comfortable 14 Cwe're used to. 


Reflected by 
atmosphere 
Reflected from 
Earth's surface 


"Absorbed by atmosphere 
Absorbed by clouds 
1. Solar radiation 

TheSun producessolar 

radiation, which isabsorbed 

bythe Earth, causingthe 

surface tobe warmed toan. 

average temperature oft4°C. 


Rin 


3. Greenhouse gases 
Gases inthe loweratmosphere 
absorb solar radiationandcreate 
heatand energy, whichisused to 
warm the Earth’ssurface. 


Planet Earth 


Heavy, cool air comes from the eastbehinda body of warmair, 
irds. The quick movement of air 


whichit forces sharply’ 
causes cool, windy conditions. 


Predictin 
the weather 


To take an umbrella or not? Here's how 
we get those all-important forecasts... 


The simple fact of the matter isthat 
weather is unpredictable. So how isit 
that we cangather informationand 
make predictions about what 
conditions on Earth will be like? 

Most weather phenomena occur asa result of 
the movement of warm and cold airmasses. The 
border between these bodies ofair are knownas 
“fronts’,and it’s here that the most exciting weather, 
including precipitation and wind, occurs. 

Asa body of air passes across different types of 
terrain -suchas over the oceans, low-lying areas or 
even mountainous regions - air temperatureand 
moisture levels can change dramatically. When two 
airmassesat different temperatures meet, the less 
dense, warmer ofthe two masses rises up and over 
the colder. Risingwarm air creates an area oflow 
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pressure (a depression), which isassociated with 
unsettled conditions like windandrain. 

We know howa frontal weather system will 
behaveand which conditions it will produce down 
on the ground. The man who first brought the idea of 
frontal weather systems to the fore in the early 
twentieth century wasa Norwegian meteorologist 
called Vilhelm Bjerknes. Through his constant 
observation of the weather conditions at frontal 
boundaries, he discovered that numerical 
calculations could be used to predict the weather. 
This model of weather prediction isstill used today. 

Since the introduction of frontal system weather 
forecasting, the technology to crunch the numbers 
involved has advanced immeasurably, enabling far 
more detailed analysisand prediction. In order to 
forecast the weather with the greatest accuracy, 


Cold front 
conditions 
Asthewarmairis forced 
upwards soquickly, when it 
cools and condenses it rms 
‘cumulonimbus cloudsand 
therefore heavy rain or 
thunderstorms. Cumulus 
clouds follow on from this, 
with showery conditionsand 
eventually clearskies. 


meteorologists require vast quantities of weather 
data -includingtemperature, precipitation, cloud 
coverage, wind speed and wind direction collected 
from weather stations located all over the world. 
Readingsare taken constantly and fed via computer 
toacentral location. 

Technology isessential to both gatheringand 
processing the statistical data about the conditions 
down on Earth and in theupper atmosphere. The 
massive computational power packed inside a 
supercomputer, for example, is capable of predicting 
the path andactions of hurricanes and issuing 
life-saving warnings. After taking the information 
collected by various monitors and sensors, a 
supercomputer can complete billions of calculations 
persecond to produce imagery that can reveal how 
the hurricane is expected to develop. 


In practice Warm front conditions 


Theredcurvesofawarmfront _ Asthewarmairslowlyrises, itcools 


and blue triangles ofa cold and condensesand cloudsare formed. 
frontareshownonamap to ‘Thesearenimbostratus, causing 
showwhere thefrontsare, steady rainfall, then altostratus 

What do these terms mean where they're headingand ‘accompanied by drizzle, and finally 

and how do they affect us? theweather they'll bring. cirrus, when clearerskiescan beseen. 


Warm front 

This iswherewarmair from the 
south meets coldairfrom the 
north, and the warm air ris 


Learn what these weatherrelated 

signs and symbols mean 
High pressure r ~ Wind Low pressure 
Weatherhere will be clear and dry, due tothe Theconditionsat thispointwill be Atthe centre of these 
high pressure. this high pressure occursin windy. Thisisindicatedby the position circularpatterns of 
summer weather will be warm, whereasin ofthe isobars; the closer together they isobarsiswhere 
winter twill be coldand crisp. arethewindier the conditions. systemsofhigh orlow 


pressure lie. Where 
thereislow pressure 
conditions will be 


rainyand windy. 
Isobars | ___. Occluded 
‘Theseindicate front 
atmospheric pressure. ‘Thisiswhereone 
Areasofequal front'catches up’ 
atmospheric pressure with another. Inthis 
are joined togetherwith example, the cold 
the lines shown and the hascaught upwith 
numbersindicate the warm. Occluded 
pressure measured in fronts cause the 
millibars. Lower weather to change 
numbersindicatelow quite quickly and, in 
pressure, while higher thiscase, become 
numbersindicate similar tothatofa 
highpressure. > cold front. 
Cold front In between ! Warm front 
Aswithany cold front, the weather here After the passing ofthe warm frontand ‘Thewarm frontwill cause steady rainfall, 
will beexpected to be cool with heavy before the arrival of thecold front followed by drizzle, accompanied by 
rainfalland possibly even thunderstorms. conditions should be clearand dry, but cloudy skies. Theseare typical conditions 
Thiswill be followed by showers. normally onlyfora short period. caused byanywarm front. 
\ 
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Planet Earth 


How many 
lightning 
strikes are 
there each 
second 
globally? 


100 


How many 
thunderstorms 
break out 
worldwide 
atany given 

moment? 


2,000 
- .@ 


4 


e - 
We answer your Sd 


awesome power O 


® Weliketo beable to control 
everything, butweather-those 
changes in the Earth's atmosphere 
that spell out rain, snow, wind, heat, 
cold and more —is one of thosethings 
that is just beyond our power. Maybe that’s whya 
cloudless sunny day ora spectacular display of 
lightning both have the ability to delight us. 
Meteorologists have comea long way in their 
capability to predict weather patterns, track 
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e planet's 


alwaysright. It'snot their fault, though; we! 


Howhotisthe Sun? 
The coreis around 


 |15,600,000°C 


(27000,000°F) 


How highisa 
pical cloud? 


000m 
(6.550ft) 


\ 


Z~ n 
f 
ry 
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ing questions abouttheincredible variety and 
Most intggu ig climatic phenomena 


(ha huge number of factors, like the Earth’s 


un is hitting itat any given time, your elevation, 


changesand aa we can expect tosee 
when we leave oui es each day. wea ges where you're located, theangle at which 


don’t completely understand all of the processes 
that contribute to changes in the weather, and until 
we dowe will belimited in our predictive abilities. 
Here's what we do know: all weather starts with 
contrasts in air temperature and moisture in the 
atmosphere. Seems simple, right? Not exactly. 
Temperatureand moisture vary greatly depending 


your proximity to the ocean. These all lead to 
changes in atmospheric pressure. The atmosphere 
is chaotic, meaning that avery small, local change 
can havea far-reaching effect on much larger 
weather systems. That's why it’s especially tough 
to make accurate weather forecasts that are more 
thana few days in advance. @ 


way' to tell how 1 Start the count 


When youseea flash of 
? lightning, start counting. A 
c ose astormis? Lene ee 
accurate way. 
Lightning and thunder always: go together, because thunder is the. sound that 2. Five seconds 
results from lightning. Lightning bolts are close to 30,000 degrees Celsius rie tuletetiatforevery tve 
(54,000 degrees Fahrenheit), so the air in the atmosphere that they zip seconds, the storm isroughily 1.6 
through becomes superheated and quickly expands, That sound of expansion kilometres (one mile) away. 
called thunder, and on average it’s about 120 decibels (a chainsaw is 125, for 3. Do the maths 
ference). Sometimes youcan see lightning but not hear the thunder, but ‘Stop countingafterthe thunder 
pat ‘s only because the lightning is too far away foryou to hearit. Because anddo the maths. fthestor 


close, take the necessarysafety 
precautions, 


Lightning occurs most often 
in hot, summerike climates 


We can’t control the weather... or can 
we? Some scientists are trying to 
influence the weather through cloud 
seeding, or altering the clouds’ 
processes by introducing chemicals 
like solid carbon dioxide (aka dry ice), 
calcium chloride and silver iodide. It 
has been used to induce rainfall 
during times of drought as well as to 
prevent storms. 


What makes clouds? tices 


columns ofwarm, 


e e expandingair. 
z ¥ qv 
Buildup e e 
Thewarm, moistair builds - 3 
up somewhere between 305m. 
and1,525m (1,000-5,000ft) > ‘The! bey ot 
abovethesuriace. 5 
thecloud isthe 
w. » vy a Vv saturation point 
Mig wet ~ sF oftheair, andit 
Sunlight heatsand a a. Sa verymniiotn: 
evaporates water from 


theEarth’ssurface. 
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lithe moondidn’ 
would ha at 
effect on world climat 


i 
What would happen to our 
weather without the moon? 


It's difficult to know exactly what would happen to our 
weather if the moon were destroyed, but it wouldn't be 
good. The moon powers Earth's tides, which in turn 
influence our weather systems. In addition, the loss of 
the moon would affect the Earth’s rotation - how it spins 
onitsaxis. The presence of the moon createsa sort of 
drag, so its loss would probably speed up the rotation, 
changing the length of day and night. In addition it 
wouldalter the tilt of the Earth too, which causes the 
changes in our seasons. Some places would be much 
colder while others would become much hotter. Let’snot 
neglect the impact of the actual destruction, either; that 
much debris would block out the Sun and rain down on 
Earth, causing massive loss of life, Huge chunks that hit 
the ocean could cause great tidal waves, for instance. 


Warm, moist air 
Thisairrises up from the 
oceans, coolingon itsway 


and condensinginto clouds. 


Why are you safer inside a car 
during an electrical storm? 


People used to think the rubber tyres ona car grounded any 
lightning that may strike itand that’s what kept you safe. 
However, you're safer in your car duringan electrical storm 


because of the metal frame. It serves as a conductor of electricity, 


and channels the lightning away into the ground without 
impacting anything - or anyone - inside; thisis known asa 
Faraday cage. While itis potentially dangerous to usea corded 
phone or other appliances during a storm because lightning can 
travel along cables, mobile or cordless phones are fine. It’s also 
best to avoid metallic objects, including golf clubs. 


Seasons are caused by the Earth’s revolution around the Sun, as 
wellas the tilt ofthe Earth on itsaxis. The hemisphere receiving 
the most direct sunlight experiences spring and summer, 
while the other experiences autumn and winter. During the 
warmermonths, the Sun ishigher in thesky, staysabove the 
horizon for longer, and its rays are more direct. Duringthe 
cooler half, the Sun’s raysaren’tas strongandit's lower in the 
sky. Thetilt causes these dramatic differences, so while those 
in the northern hemisphere are wrapping up forsnow, those in 
the southern hemisphere may be sunbathing on the beach 


SUMMER WINTER 


‘TheSunisatitshighest pointin 
theskyandtakesupmoreofthe 
horizon. Its raysare more direct. 


‘TheSunisatits lowest pointin the 
skyand thereis less daylight. The 
raysarealso more diffuse. 


This mysterious phenomenon 
looks like a glowing ball of 
lightning and floats near the 
ground before disappearing, 
often leaving a sulphur smell. 
Despite many sightings, we're 
still not sure what causes it. 


Put simply, giant hailstonescome from giant storms 
~specifically a thunderstorm called asupercell. Ithas 
astrong updraft that forces wind upwards into the 
clouds, which keeps ice particles suspended fora long 
period. Within thestorm areareas called growth 
regions; raindropsspendinga long time in these are 


Vernal equinox 
Forthenorthern 
hemisphere, thisday- 
around 20 March-marks 
the firstday ofspring.On 
this day, the tiltof the Earth’s 
axisisneither towardsnor 
away from theSun. 


~ 


Summer solstice 
During the summersolstice, 
around20June, theSun isat 
its highest, ornorthernmost, 
pointin thesky. 


able to grow into much bigger hailstones than normal. 


Winter solstice 
‘Thewintersolsticemarksthe 
beginning of winter, withthe 
Sunatitslowest pointinthe 
sky; ittakes placearound20 
December each year. 


<x 


Autumnal 
equinox 

On, oraround, 22 
Septemberin the 
northern hemisphere, 
thismarksthestart of 
autumn, Thetiltofthe 
Earth’saxisisneither 
towardsnoraway 
from theSun. 


ll 
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fhat are gravity 
w ve clouds? 


Gravity waves 
arewaves of air 

moving througha stable 

area of the atmosphere. The air 

might bedisplaced by an updraft or 

something like mountainsas the air . 

passes over, The upward thrust ofaircreates YY 

bands of clouds with empty space between them. % 
Cool air wants to sink, butiif it is buoyed again by the updraft, 
itwill create additional gravity wave clouds. * 


It’s peaceful after snowfall as the snow 
has a dampening effect; pockets of air 
between the flakes absorb noise. 
However, ifit’s compacted snow and 
windy, the snow might actually 

reflect sound. 


How do tornadoes work? 


Polar air 


Acold front fullofvery dry Tropical air 
airandat high altitudeis Thecold front 
necessary foratornado. meetsawarm front 


andatlowaltitude. 


fullofverymoistair 


° 
Whatisa weather front? ‘sce 
e Unstable massesof Fogoften comes 
i : warmair often contain before theslow- 
poses eon Wet 'n’ wild stratiform clouds, full movingwarm front. 
SpArAnOR DetWeen WO Ifthere’sa lotof ofthunderstorms. | 
different masses ofair, which moisture in the cold air 
have differing densities, mass, thewedgecan 
temperatureand also causea line of 
humidity. On weather Shareierfand sprens, 
maps, they’redelineated fa 
bylinesand symbols. Se: 
The meeting of different 
frontal systems causes 
the vast majority of —_ 
weather phenomena. 
Wedge Cold front Warm front 
Ascoldairisdenser, it Cold frontslieindeep - Warm{rontsliein broad 


often'wedges’beneath troughs oflowpressure 
thewarmair.Thislift _andoccurwheretheair 
cancausewindgusts. _temperaturedropsoff. 


troughs of low pressureand 
occuratthe leading edge of 
alargewarmairmass. 


Rising heat High pressure Cooler air ligh pressure 
Drylandisheatedby the High pressure carriesthe Thecooledair High pressure carries the 
Sun, causingwarmairto cooledair out over thewater. slowly sinks cooled air towards land. 


rise, then cooldown. 


down overland, S| 


Cooler air <— Rising heat 


The cooled air Intheevening, 
slowlysinksdown thelandcools 
over the ocean. offfasterthan 
theocean. 
Surface wind Surface wind haat 
Wind over the ocean blows the Windbiowstheairbackouttowards where itcools._ 
coolair back towards land. the ocean. Thisisa ‘land breeze’. 


Whatis the eye of a storm? 


‘he calm centre ofa storm like a hurricane or tornado, 


without any weather phenomena. Becaus tems con Yes, lightning often strikes twicein thesame = < 
circular, rotating winds, air is funnelled downward through the eye location. Ifthere’s a thunderstorm and lightning 
camiteelfs strikes, it'sjustas likely to happen again. Many 

tall structuresget struck repeatedly during —_— 


thunderstorms, such asNew York City’s famed 
Empire State Building or NASA‘s shuttle launch 
pad in Cape Canaveral, Florida. 


‘The eyeatthe centre ofa 
hurricane tends to be20- 
* sokm (12-31mi) in diameter, 


ONASA 


The Sunis a super-dense ball 
of gas, where hydrogen is 


What are red 


i ? é a 2 
sand blue jets? continually burned into 
‘Theseare both atmosphericand electrical phenomena that takeplace | helium (nuclear fusion). This 
in the upper atmosphere, and arealso known as upper-atmosphere generates a huge deal of 


discharge. They take place above normal lightning; blue jets occur 
around 40-5okilometres(25-30 miles) above the Earth, while red energy, and the core reaches 
sprites are higher at 50-100 kilometres (32-64 miles). Blue jets happen 15 million degrees Celsius (27 
in cone shapes above thunderstorm clouds, and are not related to i 7 
lightning. They're blue due to ionised emissions from nitrogen. Red million degrees Fahrenheit). 
sprites can appearas difierent shapesand have hanging tendrils. This extreme heat produces 


‘They occur when positive lightning goes from the cloud totheground. | ]ots of light. 
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Planet Earth 


The carbon cycle 


Youre breathing it out right now, but where has it been before 
and where is it going next? 


ATMOSPHERE 


Pedosphere 


Carbon isalso released from microbes 


ROW: inthesoil ata veryslowrateand into 
aoe theatmosphere. exchance AN AN AS 
ATMOSPHERE $ 
. 
: 
: . 
if 
J . . 
e . . 
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IL AND GAS DEPOSIT 


Carbonisagreenhousegasthathelps  _foundas carbondioxide, Plant photosynthesis, underground andso will eventually make fossil 


trap heat and keep the Earth warm. Just draws the carbon out of the air to make plant food. fuels. These fossil fuels are then burned andused for 
aswateristransferredaroundtheEarth, Thecarbonthenmovesfrom plantsintoanimalsas power, inthe form of factories, carsand so on, 
carbonatomsalsofollowacycleandare _ animals eat the plants. The carbonmovesup the therefore releasing the carbon back into the 
used again andagain in different environmental food chainas each animal is eaten by another. atmosphere. Some carbonalso enters the seaas the 
processes. You mightnot beabletosee carbon butit + Animalsreleasecarbon backintotheatmosphere _ ocean absorbsit from theatmosphere. 
isavital partofhow ourworldworksanditmoves _through respiration when they breathe out CO.. Although thecarbon cycle isa natural process it 
around the Earth ina variety of ways. When plants and animals die the carbon is can beaffected by human activity; our burning of 
Carbon moves from theatmosphere into plants. _ transferred intothesoil when decomposition fossil fuels means there is 30 per cent more carbon 
Intheatmosphere it iscombined with oxygenand _ occurs. Some ofthis carbon will endup buried miles dioxidein the airnow than 150 years ago. 


Exchange rates M™® VERY FAST «1year) FAST (1to 10 years) fff SLOW (10 to 100 years) ll VERY SLOW ( 100 years) 


Fossil fuels 


Fossil fuels found deep 
underground emitearbon, in 
theformofcarbon dioxide, 
into the atmosphere when 
used. This includesfactory 
work, cement production and 
use ofvehicles. Itisa speedy 
transmission but isa 
process thatisever 
increasingand putting 
moreand more carbon 
into the atmosphere. 


EXCHANGE OCEANS TO 
ATMOSPHERE 


Hydrosphere 


Carbon moves between the ocean andthe 
atmosphere through diffusion. Carbonis used by 
organisms in the ocean foodweb and re-released. 

Generally carbon isreleased into theatmosphere by 
tropical oceansandabsorbed by high-latitude oceans. 
Itisa fast processoccurring between one and ten 
years witha fairlyeven transferral of carbon being 
released and absorbed. 


Somecarbonis| Des into the 
deeper ocean where itcan stay for1,000 
years. Phytoplankton uses carbon to 
makeshells;whenthey die they fall to 
the bottom ofthe ocean where they are 
buriedand compressed to become 
limestone, which in timecan beusedas 
fossil fuel, 


EXCHANGE 
SURFACE VéATER 
TO DEEP vANTER 


MARINE SEDIMENTS AND 
SEDIMENTARY ROCKS. 


IRFACE SEDIMENT 


Whatare 
ete 


Obliterating the traditional perception of the origins and 
evolution of life on Earth, fossils grant us unique snapshots 
of what once lived on our everchanging planet 


Adpression 
Aform of fossilisation caused by 
compression within 
sedimentary rock. This typeof 
fossilisation occurs mé 
where finesedimentis 
deposited frequently, suchas 
alongrivers. Many fossilised 
plantsare formed thisway. 


Resin 
Referred toas amber, fossil resinisanatural 
polymer excreted by treesand plants. Asitissticky 
andsoft when produced, small invertebrates such as 
ly insectsand spidersare often trapped and sealed 
within resin, preserving their form. 


Dependent on climate and ground 
conditions, deceased animals can be 
fossilised in many ways 


Permineralisation 

Aprocessin which mineral deposits form Re 
internal casts of organisms, 
permineralisation works whena deceased 
animal diesand then israpidly submerged 
ingroundwater. Thewater fills the 
creature's lungsandempty spaces, before 
draining away leavingamineral cast. 


The origin of life on Earth is irrevocably 
trapped in deep time. The epic, fluidand 
countless beginnings, evolutionsand 
extinctions are immeasurable to 
humankind; our chronology is fractured, thepicture 
isincomplete. For while the diversity of life on Earth 
today isawe-inspiring, with animals living within 
the most extreme environments imaginable - 
environments weas humans brave every dayina 
effort tochart and understand where life beginsand 
ends-itis but onlya fraction of the total life Earth 
hasseen inhabit t over geological time. Driven by 
the harsh realities ofan ever-changing 
environment, Armageddon-level extinction events 
and the perpetual, ever-present force of natural 
selection, wondrous creatures with five eyes, fierce 
predators with 12-inch fangs and massive creatures 


Whenashelled creature’sshell, 
bone or tissue maintainsits 
original form butis replaced with 
acrystal-suchasaragonite 
and calcite-thenitissaid to 
berecrystallised. 


Mold 

Atype offossilisation process 
similar to permineralisation, 
molds occur when ananimalis 
completely dissolved or destroyed, 
leaving onlyan organism-shaped 
holeintherock. Moldscan turn 
into castsif they are then filled 
withminerals. 


isation 


twice the size ofa double-decker bus have longsince 
ceased to exist. They're forgotten, buried by not just 
millions, but billions of years. Still, all isnotlost. By 
exploiting Earth’s natural processesand modern 
technology over the last two hundred years, 
scientists and palaeontologists have begun to 


unravel Earth's tree of ifeand, through the 
discovery and excavation of fossils- preserved 
remains and traces of pastlife in Earth’s crust—piece 
the jigsaw back together. 

The fossilisation ofan animal can occurina 
variety of ways (see “Types of fossilisation’ diagram) 


Bioimmuration 
Bioimmuration isa type of fossil 
thatin itsformationsubsumes 
anotherorganism, leavingan 
impression of itwithin the fossil. 
This type offossilisation usually 
occurs between sessile skeletal 
organisms, suchas oysters. 


Thisscient 
archaeole 


‘Tandetron particleaccel 


lating 


alspecimensina 
ator 


but, in general, itoccurs whena recently deceased 
creature is rapidly buried by sediment or subsumed 
inan oxygen-deficient liquid. This has the effect of 
preserving parts of the creature—usually the harder, 
solid parts like its skeleton often in the original, 
living form within the Earth’s crust. The softer parts 


of fossilised creatures tend not to survive dueto the 
speed of decay and their replacement by minerals 
contained in theirsediment or liquid casing, a 
process that canleave casings and impressions of 
the animal that once lived, but not its remains. 
Importantly, however, creature fossilisation tends to 
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be specificto the environmental conditions 
in which it lived -and these in themselvesare 
indicative of certain time periods inEarth’s 
geological history. For example, certain 
species of trilobite (an extinct marine 
arthropod)are only foundin certain rock 
strata (layers of sedimentary and igneous 
rocks formed through mineral deposition 
over millions of years), which itself is 
identifiable by itsmaterialsand mineralogic 
composition. This allows palaeontologists to 
extrapolate the environmental conditions 
(hot, cold, dry, wet, etc) that the animal lived 
and died in and, in partnership with 
radiometric dating, assigna date to the fossil 
and/or the period. 

Interestingly, however, by studying the 
strata and the contained fossils over multiple 
layers, through amixture of this form of 
palaeontology and phylogenetics (the study of 
evolutionary relatedness between organism 
groups), scientists can chart the evolution of 
animals over geological time scales. A good 
example of this process is the now known 
transition of certain species of dinosaur into 
birds. Here, by dating and analysing 
specimens such as archaeopteryx-a famous 
dinosaur/bird transition fossil - both by strata 
and by radiometric methods, as well as 
recording their molecularand morphological 
data, scientists can then chartits progress 
throughstrata layers to the present day. In 
addition, by following the fossil record in this 
way, palaeontologists canalsoattribute the 
geophysical/chemical changes to the rise, fall 
ortransition of any oneanimal/plant group, 
readingthe sediment’s compositionand 
structural data. For example, the Cretaceous- 
Tertiary extinction event is identified in 
sedimentary strata bya sharp decline in 
species’ diversity - notably non-avian 
dinosaurs-and increased calcium deposits 
from dead plantsand plankton. 

Excavating any discovered fossil in order to 
date and analyseitisa challenging, time- 
consuming process, which requiresspecial 
toolsand equipment. These includepicks and 
shovels, trowels, whisks, hammers, dental 
drillsand even explosives. There is also an 
accepted academic method all professional 
palaeontologists follow when preparing, 
removing and transporting any discovered 
fossil. First, the fossil is partially freed from 
the sedimentary matrix it is encased in and 
labelled, photographed and reported. Next, 
the overlying rock (commonly referred toas 
the ‘overburden’)is removed using large tools 
up toa distance of two to three inches from 
the fossil, before it is once again 
photographed. Then, depending onthe 
stability of the fossil, it is coated witha thin 
glue via brush oraerosol in order to 
strengthen itsstructure, before being 
wrapped ina series of paper, bubble wrap 
and Hessian cloth. Finally, itis transported to 
the laboratory. 
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By examining discovered fossils, it is possible to 
piece together a rough history of the development 
of life on Earth over a geological timescale 


‘The first geological period of the Paleozoic era, 
the Cambrian is unique in ts high proportion of 
sedimentary layers and, consequently, 
adpression fossils, The Burgess Shale Formation, 
anotable iossil field dating fromthe Cambrian, 
hasrevealed many fossils including 
the genusopabinia, afive-eyed 
‘ocean crawler. 


Boasting the highest sea levels of the Palaezoic era, the 
Ordovician saw the proliferation of planktonics, 
brachiopods and cephalopods. Nautiloids, suspension 
feeders, areamong thelargest creatures from this 
period to bediscovered. 


Anincrediblyimportanttime forthe 
developmentoflife, the Devonian 


period has relinquished fossils 

demonstrating theevolution 

ofthe pectoral and pelvicfins of 
With its base set ata major extinction eventat fish intolegs. The first land-based 
theend of the Ordovician, the silurian fossils creatures, tetrapodsand 
found differmarkedly from thosethat pre-date arthopods, becomeentrenched 
theperiod. Notable lifedevelopments include andseed-bearingplantsspread 
thefirst bony fish, andorganismswith across dry lands. Anotable find is 
moveable jaws. the genustiktaalik, 


The first period of the Cenozoicera, the Paleogene 
isnotable or therrise of mammalsas the 
dominantanimal group on Earth, driven by the 
Cretaceous-Tertiary extinction event thatwiped 
‘outthe dinosaurs. The mostimportant fossil to 
bediscovered from this period is darwinius, a 
Jemur-like creature uncovered froma shale 
quarry in Messel, Germany. 


Aperiod ofsignificant glaciation, the Carboniferous saw 
the development of fernsand conifers, bivalve molluscs 
andawide-variety of basal tetrapodssuchas 
labyrinthodontia. Notable fossilised finds include the 
seed ferns pecopterisandneuropteris. 


Covering 23 million years, the Neogeneperiod’s 
fossils showamarked developmentinmammalsand 
birds, with many hominin remains excavated. The 
extincthominidaustralopithecusafarensis-a 
commonancestor of the genus homo (that of modern 
humans)-isoneof the mostnotable fossil finds, as 
exemplified in thespecimens LucyandSelam. 


Fossils discovered from the 
cretaceousindicatean 
explosion of insect 
diversification, with thefirst 
antsand grasshoppers 
evolving, aswellasthe 
dominance olarge dinosaurs 
suchas the colossal 
tyrannosaurus rex. Mammals 
increased in diversity, yet they 
remained smalland were 
largely marsupial. 


Aperiod characterised by the diversification of 
earlyamniotes(egg-bearing invertebrates)in 
tomammals, turtles, lepidosaursand 
archosaurs, the Permian hasyielded many 
diverse fossils. Notable examplesinclude 
reptile therapsids, dragonfliesand, driven by 
late warmer climates, lycopod trees. 


‘Themost recent period inEarth’shistory, the 


Quaternaryis characterised by 
major changesin climate,as 
wellas the evolutionand 
dispersement of modern 
humans. Dueto the 
rapid changesin 
environmentand 
climate ie, iceages), 
many largermammal 
fossils have been 
discovered, including 
those of mammothsand 
sabre-toothed cats. 


‘The period in Earth’shistory when the 
supercontinent Pangaea broke up in tothe northern 
Laurasiaand southern Gondwana, theJurassicsaw 
an explosion in marine andterrestrial 
life. The fossil record pointsto 
dinosaurs thriving, suchas 
megalosaurus, an increase 
in large predatory fish 
like ichthyosaurus,as 
wellasthe evolution 
ofthefirst birds- 
shown famously by 
thearchaeopteryx 


Beginning and endingwithan extinction 
event, the Triassicperiod’s fossilsshow the 
evolution ofthe first dinosaurssuch as 
Coelophysis, a small carnivorous biped 
animal. Fossil evidencealso shows the 
development of modern corals and reefs. 
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Crystals can take many forms, but how they come to be is a 
mystery for many. We find out exactly how they are made... 


Theterm ‘crystal’ is 

used to describea solid 

object thathas been 

created byastructured 

repeating pattern of the 
sameatoms or molecules. 

Crystals build’ usinga process 
knownas nucleation, which involves 
the attraction of moleculesto one place 
to forma cluster. This can beachieved 
independently, which is referred toas 
“unassisted nucleation’, where solute 
(molecules) dissolved in the solvent 


Crystals form ina 
range of elements 

and conditions, but 
one of the most prolific 
areas is in the aftermath 
of a volcano... 


Crystals formwith the separation 
ofsolidsand liquids; therefore 
molecules bobbing aroundin the 
formulated solution cluster 
together ina repeated pattern over 
timeto becomeastablesolid. 


Wie” 


Iimolten rock cools rapidlyonly 
jp smallerystalswill becreated, 

which usually happens when lava 
isejected from avolcano. However, 
slowly cooling molten rockscreate 
much larger crystals. 


collect together on their own; 
gradually attractingand amassing 
more particles, therefore growing in 
sizeand shape. Assisted nucleation 
sees the molecules collate using some 
form ofsolid matter, such as rock, asa 
type of collection point. 

Ifthe molecules remain joined, 
undisturbed and don’t dissolve back 
into thesurroundingsolution,astable 
nuclei will form, which attracts more 
ofthe sameatoms. As this continues to 
build, the crystal will eventually reach 


its‘critical cluster size’ and will not 
dissolve back into the solution from 
whichit came, 

Environmental factorssuch as 
pressure, space, temperature and 
chemical conditions present in the 
minerals can influence the way a 
crystal forms, but ultimately a crystal’s 
shapes formedas molecules collect in 
aspecificpattern that repeats itself 
overand over. As atoms join to all ofits 
sides in the same pattern, geometric 
shapesare formed. 


According toscientists the 
number ofcrystals 
contained within the 
magma can determine how 
frequently itwillerupt. 


Volcanoes exhibiting more 
vviscous magma eruptiess 
oftenthan thosewith less 
viscous magma, butwitha 
Breater energy. 


Afteravolcanic eruption the 
magmacoolsand the P 
minerals contained withinit 

begintocrystallise, which 
are knownas' phenocrysts 


Gemstones are precious or semiprecious stones 
thatare commonly usedasjewelswhen cutand 
polished, They can be formed inorganically 
(using the methods discussed in this feature) or 
organically by aliving thing: forexample, 
amberis formed ofsap created by treesand 
pearlsare created by oysters. 


le 
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The Naica Mineof Chihuahua, Mexico, isa 
working mine that has become famous for 
its enormous crystals. 120m below the 
surface dwells the Cuevade las Espadas 
(Cave of Swords), discovered in 1912, and 
so-called because of its metre-long shafts 
of gypsum. However, theonce-amazing 
find has now been eclipsed bya recent 
discovery that lies beneath the Cave of 
Swords: Cueva de los Cristales (Cave of 
Crystals) wheregigantici1-metre long 
crystals have been found. 

Itis believed that the huge beams 
formed in the 290-metre deep cave owe 
theirsize and statue to the fact thatthey‘ve 
beenallowed toform over hundreds of 
thousands of years ina very narrow, stable 
temperature range. It is believed that they 
were originally created as calcium 
sulphate found within groundwater 
filtered down through the caves. Magma 
from underneath the caves heated the 
water toa stabilised temperature of 
around 57°C, atwhich point the minerals 
converted to selenite molecules, which 
clustered over time to form crystals. 


‘onditio dundisturbedina 
perfe ronment for millennia the 
crystals grew much larger, if not more 
plentiful, thanany other in th 


A free-growing crystal always forms a geometric shape with flat faces and all 
crystals form one of six systems of symmietry which help identify them. 


Cubic Hexagonal/ Trigonal Tetragonal Monoclinic Orthorhombic Triclinic 
Featuringeightor1asides  Hexagonalcrystalsaresix-sided  Similarinmakeuptocubic —_Oftenformingaprismshape,  Thesearenotsquareinthe —_ Often sportingpeculiar 
these formationsare not prisms, whereas trigonal ones formations butlongeralong _theseare oftenreferred toas crosssection and instead shapes, it's unsymmetrical 
alwayssquare inshape. have three or quasi-sixsides. oneaxis that the other. skewedtetragonalcrystals. | formrhombicprisms. oneachside. 
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Deadlier than an 


asteroid strike, 
these massive 


formations have 


the potential to 


destroy civilisation 
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VOLCANOES 


MH Many peoplewill 
remember theairport 
chaos ofspring 2010 when 
Eyjafjallajékull, one of 
Iceland's largest 
volcanoes, erupted after almost two 
centuries of slumber. 

But though itmightbe hard to believe, 
considering the mammoth amount of 
disruption that itcaused, the Icelandic 
eruption was tiny compared toa 
super-eruption’s devastating power. The 
Eyjafjallajdkull event measureda mere 4 


4 
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onthe Volcanic Explosivity Index (VE), 
which rates the power of eruptions onan 
eight-point scale. Amassive VEI8 blast, 
onthe otherhand, would threaten 
human civilisation. Such a super- 
eruption would spew out more than 
3,000 cubic kilometres (240 cubic miles) of 
ejecta -ash, gasand pumice-within 
days, destroying food crops,and 
changingthe world climate for years. 
Asuper-eruption hasn't happened in 
recorded history, but they occur about 
every 10,000-100,000 years. That's five 


/ SUPER 


times more often thananasteroid 
collision big enough to threaten 
humanity. Scientistssay there'sno 
evidence that a super-eruption is 
imminent, but humans will face nature's 
ultimate geological catastrophe one day. 
Asupervolcano is simply a volcano 
that’s had one or more super-eruptions 
inits lifetime. Supervolcanoesare 
typically active for millions of years, 
butwait tens ofthousands of years 
between major eruptions. The longer 
that they remain dormant, the bigger 


Hot springs 


Serie i in i rv ] n 

through fractures inthe 

Earth's crustand are 

ipeemed by magma Resurgent dome Shallow magma chamber Ring fractures 

closeto the surface. Molten rock risingin the An underground pool of molten rock Adircular fracture running 
undergroundmagmachamber | _calledmagma,whichventstothe _around the collapsed edge of DAYS: 

Caldera pushes the overlying caldera surfaceasavolcaniceruption,  _themagmachamberthrough 

This cauldron-shaped floorupwardsintoadome. which lava often escapes. 

hollow formswhena 

supervolcano’s magma 

chamberempties duringan 

eruptionand the rock roof 

above collapses, 


DAYS: 
Earth's crust 
TheEarth’scrustis, 
pethaps96 kilometres 
(5miles)thick under 
thecontinentsand 
made of solid rock. 


Magma HOURS TO DAYS: 


Magmaislighterthan 
the Earth’scrustand 
rises towards the 
surface whereit erupts 
asa volcano. 


HOURS TO DAYS: 


WEEKS TO CENTURIES. 
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TENS OF THOUSANDS OF YEARS 


TENS OF THOUSANDS OF YEARS 


- 
Fae pee 


TIME: MILLIONS OF YEARS 


Thisartist’s illustration reveals the 
clouds ofsmoke andash that could 
result froma supervolcanic 
eruptionat Yellowstone 


The fallout 
following 
a super- 
eruption 


Asupervoleanoerupting 
today could threaten human 
civilisation. Clouds of molten 
rockandiridescent gas 
travelling three times faster 
than motorway cars would 
obliterate everything within 
100 kilometres (60 miles) ofthe 
blast. Dust would spread 
thousands of kilometres, 
blotting out theSun. People’s 
unprotected eyes, earsand 
noses would fillwith 
needle-like ash, which can 
pop blood vessels in the lungs 
and kill by suffocation. 

Up too.5 metres (1.6 feet) of 
ash could rain down each 
hour, collapsing roofs, 
poisoning water suppliesand 
haltingtransport by clogging 
car andaircraft engines; just a 
few centimetres ofash can 
disrupt agriculture. The 1815 
eruption of Indonesia’s Mount 
Tambora caused the ‘year 
withoutasummer’ when 
European harvests failed, 
bringing famineand 
economic collapse. Financial 
markets could be disrupted 
and countriesswamped by 
refugees. Somescientistssay 
a Yellowstone super-eruption 
could render one-third ofthe 
United States uninhabitable: 
foruptotwoyears. 
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the super-eruption. They typically 
erupt from a wide, cauldron-shaped 
hollow which is knownasa caldera, 
although not every caldera houses a 
future supervolcano. 

The supervolcano simmering under 
Yellowstone National Parkin the USA is 
probably the world’s moststudied 
supervolcano, but super-eruptions 
occur so rarely that they remaina 
mystery. We know of 42 VEI7 and VEI8 
eruptions in the last36 million years, 
but much debris from ancient 
super-eruptions has worn away. 
Eruptions like these take place at 
irregular intervals and scientists are 
unsure what triggers them. 

Supervolcanoes, like all volcanoes, 
occur where molten or partly molten 
rock called magma formsand erupts to 
the Earth’s surface. All supervolcanoes 
break through the thick crust that 
forms the continents. The Yellowstone 
caldera sits on a hot spot, a plume of 
unusually hot rock in the solid layer 
called the mantle that lies below the 
Earth’s crust. Blobs of molten mantle 
rise from the hotspot towards the 
surface and meltthe crustal rocks. 


VEI 8 / Toba 
74,000yrsago 

2,80okam: (that's380 times the 
volume of Loch Ness) 


VEI 8 / Yellowstone 
Huckleberry Ridge 
2.amyrsago 

2,450knt 


VEI8 
Yellowstone 
Lava Creek 
640,000yrsago 
1,000kn? 


VEI7 /Long 
Valley Caldera 


760,000yrsago 
580km 


Volume of material 
in eruption 

VEI8: >1,00kn? 
100-1,000km 
ao-00kn? 
a40km 

oaakn 
o.oroakm 
.001-0.01km 
 0.00001-0.001km 
: <o.oo01km? 


VEI1 


o.0001km? 


VEI2 
Lassen Peak, CA 
1915/0.006km3 


Other supervolcanoes like Lake 
Toba in Sumatra, Indonesia, lie on the 
edges of the jigsaw of plates that make 
up the Earth’s crust. Near Sumatra, the 
plate carrying the Indian Ocean is 
being pushed underneath the crustal 
plate carrying Europe. As it descends, 
the ocean plate melts to form magma. 

Vast quantities of magma are 
needed to fuel a super-eruption. Some 
scientists believe that supervolcanoes 
are ‘super’ because they have gigantic, 
shallow magma chambers that can 
hold volumes of up to 15,000 cubic 
kilometres (3,600 cubic miles) and 
grow for thousands of years. Magma 
chambersare underground pools of 
accumulated magma that erupt 
through cracks to the surface. 
Volcanoeswith smaller chambers 
expel magma before enough pressure 
builds fora supersized event. 

Some scientists speculate that hot 
and flexible rocks surround 
supervolcano magma chambers, 
allowing them to swell to 
accommodate more magma. The rocks 
are kept malleable by blobs of magma 
repeatedly welling up from below. 


————_ 


Asuper-eruption starts when the 
pressurised magma explodes through 
fractures in the chamber roof. The 
eruption is violent because 
supervolcano magmais rich in trapped 
gas bubbles, which expand and burst 
as itabruptly depressurises; the 
eruption is akin to uncorkinga 
champagne bottle. The magmais also 
sticky and unable to flow easily 
because it’s made partly from melted 
continental crust. This is in contrast to 
avolcano like Mauna Loa in Hawaii, 
which gently pours out lava because its 
magmais fluid and contains little gas. 

Hot fragments and gas soar to 
heights of more than 35 kilometres (22 
miles) and spread in the atmosphere. 
Some of the fragments drift down and 
blanket the ground like snow. Other 
hot fragments rush downhill for 
hundreds of square kilometresat 
speeds exceeding 100 kilometres per 
hour (62 miles per hour) as toxic, 
ground-hugging pyroclastic flows. 
‘Themagma chamber rapidly drains 
during the super-eruption, causing 
the roof above to sink into the empty 
space to (re-)form a caldera, @ 


VEI7 / Yellowstone 
Mesa Falls 
agmyrsago 
280km? 


VEIS 
Pinatubo 
1991 
5km3 


VEI4 


Mount St 
Helens, WA 
1980/0.25km3 


VEI 3 / Wilson 
Butte Inyo Craters, CA 
1g50yrsago/o.05km3 


SUPERVOLCANOES 


The battle 


FOOTPRINT 


HEIGHT 
: su 


Asuper-eruption took place ins 
theplanet’s largest v 


SUPERV! 


Beneath Yellowstone National Park bubbles 
anactive supervolcano. Amagma chamber, 
lyingas close as eightkilometres (five miles} 
to the surface in places, fuels the park’s10,000 
jewel-coloured hot springs, gurgling mud 
pools, hissing steam vents and famous 
geysers like Old Faithful. The 8,897-square- 
kilometre (3,435-square-mile) park includes 
the volcano’s caldera, which spans 4,400 
square kilometres (1,750 square miles); that’s 
bigenough to cover the emirate of Dubai. 
The supervolcano is fuelled by a ‘hotspot’, 
aplume of hot rock rising from hundreds of 
kilometres below the Earth's surface. Hot 
spotsact like huge Bunsen burners, driving 
catastrophic eruptions by melting the rocks 
above them. Scientists are uncertain why hot 
spots form; they're not found atthe edge of 
Earth’s crustal platesand mostvolcanic 
activity happens where these plates jostle 
against one another. Since the hot spot 
formed around.17 million yearsago, it has 


Six known } >6 


ssupervolcanoes 
1 Lake Toba, Sumatra, 

Indonesia 
2 Long Valley, California ‘ 
3 Lake Taupo, New Zealand > 
4 Valles Caldera, New Mexico | 


5 Aira Caldera, southern Japan q d 


6 Yellowstone National Park, 


< 
United States = 


PAsatelite view ot 
Fawstonje National Park, 
whichis pofitionedabovea 
hotSgotin theEarthygcr 
i 


produced perhaps14o eruptions. TheNorth 
American crustal plate has slid southwest 
over the stationary hot spot ikea conveyor 
belt, leaving a 560-kilometre (350-mile) string 
of dead calderas and ancient lava flows. 
There have been three super-eruptions 
since Yellowstone moved over the hotspot: 2.1 
million, 13 millionand 640,000 years ago. 
Each eruption vented enough magma from 
the volcano’s storage reservoir to collapse the 
ground above intoa caldera. The firstand 
largest eruption created the Huckleberry 
Ridge Tuff, more than 2,450 cubic kilometres 
(588 cubic miles) ofvolcanicrock made of 
compacted ash. The eruption blasteda huge 
caldera perhaps 80x65 kilometres (50x 40 
miles) inareaand hundredsof metres deep 
across the boundary of today’s national park. 
The mostrecent eruption blanketed much of 
North America in ash and formed Yellowstone 
Caldera. Hot gasand ash swept across7.770 
square kilometres (3,000 square miles). 
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The planet’s deadliest 
anim 
Aselection ofthe scariest creatures on 
the face ofthe Earth 


Deadly dinosaurs 
Who was king of the dinosaurs? 


The life of frogs 
Alookat this incredibleamphibian 


Frog leaps 
Find out how frogs hop so far 


Super-snappy tongues 
Hunting with projectile tongues 


Crocodile jaw 
What makes their biteso strong, and 
howcananelasticband stop it? 


How doemperor 
penguinslive? 
p160 


Amphibian skin 
Underneath an amphibian’s surface 


Death rolls 
Adeadly skill used by feeding 
crocodiles 


Why do snakes shed 


skin? 


Explainingwhysnakes moultso often 


How do snakes bi 
How thesekillers have adapted 


How whales 
communicate 
Explore how whalesmake sounds 


Venomous fish 
Meet the world’s deadliest fish 


Dog noses 
How a dog'ssuper-sniffworks 


Vampire bats 

Why their fangs help them survive 
Underwater wonders 
Nature's raft of marine beasts 
Emperor penguins 

Life at the pole for these birds 


Giant pandas explained 
Why do they love bamboo somuch? 


Hippo jaws 
Thinkyou can open yours this wide? 


Hibernation explair 
The importance ofsleep 


Ss and t 


re these cross-breeds? 


rels 
How these rodents can glide 


ying sq 


Camel humps 
The desert’s own water bank 


ngaroos 


Australia’s big; bounders 


How do birds breathe? 
Anextremely efficient respiratory 
system that keeps birdsalive 


Can they really survive when cutin 
half, orisitamyth? 


communicate? 
p154 


Beaver dams 
Discover these incredible 


construction workers! 


Alookat these incredible creatures 
who can flyin any direction 


Metamorphosis 
The science behind 
transformation 

Lad ined 
Beautiful butalso talented, these little 
beetles are gardeners’ friends 


igrades 


These tough but tiny mini-beasts can 
survive the most inhospitableclimes 


Which ones theslimiest, and what 
goesonundera snail’sshell? 


f 


How big can these multi-storey termite 
towers really get? 


mite mounds 


Scorpi 
Thearmoured arachnids witha nasty 
stingin their tail 


The 


lanet’ 


Jellyfish 
stings fire with 
an acceleration 

‘of about 40,000 3! 


Komodo dragons taste the 
airto find their prey by 
flicking their tongues 


Since the dome 


deadliest animals 


If you go down to the woods today... you may not come out alive! 


We don't live ina dog-eat-dog world. 
It’s much more dangerous than that. 
Dog-eat-dog suggests an evenly 
matched fight, but animals in the wild prefer to 
attack from a position of overwhelming. 
superiority. A snake with a taste for mice can 
inject enough deadly venom to kill 125 mice 
with a single bite, whilean animal that relies 
on physical strength will aim foran instant kill 
by crushing theskull orslicing the throat. 

The prey is fighting for its life and will put up 
the maximum possible struggle, but the 
predatoris only hunting for its dinner and 
cannotafford even minor injuries so it must 
strike hard and kill quickly. 

Humans, however, are weak. Almost any 
animal oursize could easily beat us ina fight. 
We protect ourselves by keepingaway from 
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most of nature and using technology to protect 
ourselves. Most of the time this works. But you 
can'tspend your whole life ina shark cage and 
animals carry their weapons with them all the 
time. So when accidental wild encounters do 
occur, the fightisn’t likely to go our way. 

There are lots of waysto rate the deadliness 
ofananimal. The total number of human 
fatalities every year is one, but it doesn’t take 
into account how rare the animal is, or where it 
lives. Brown bears kill more people than polar 
bears do, but that doesn’t make brown bears 
more deadly per se. It just means that a lot more 
people go hiking in Alaska thanon the sea ice 
in the Arctic Circle. Official statistics can be 
misleading too. Shark attack figures tend to 
exaggerate the deaths from the easily identified 
species, such as the great white and the tiger 


shark and those that feed close to the shore, 
where there are likely to be lots of witnesses. As 
you will see, the shark species probably 
responsible forthe most human deaths has 
almost no confirmed Kills to its name, precisely 
because it never leaves any witnesses... 

Where an animal is venomous, rating the 
deadliness of its venomis very tricky. Venom 
toxicity is measured using the LD50 rating. This 
is the dose of venom, in milligrams per 
kilogram of body weight, required to kill 50 per 
cent ofthe mice ina sample. Mice are used 
because they are a convenient laboratory 
animal which can stand in for humans. But 
mice are also common prey for many snakes, 
scorpions and lizards and so have evolved a 
high degree of immunity to the venom of 
several species. The predator adapts to this by 


& 


‘anopheles’ 
comes from the 
Greek for useless 


According to the 
International Shark Attack 


Files, re 


on humai 
tothe 16th 


injecting ever-larger amounts of venom and this 
makes them even more dangerous to humans. 
So paradoxically, animals with low venom 
toxicity as measured by LD50 in mice, can be 
among the most lethal to humans. 

The list we have compiled here contains ten 
of the very deadliest animals on the planet, 
covering as wide a range of different habitats 
and kill tactics as possible. Inevitably, we have 
had to leave outsome very worthy runners-up. 
The Nile crocodile eats about 320 people a year 
and tigers have killed 373,000 people since the 
beginning of the 19th century. The cape buffalo 
isan extraordinarily aggressive animal that has 
probably killed more hunters than any other 
animal in Africa. But our list is a representative 
sample of the meanest killers from across the 
whole of Mother Nature's realm. @ 


ords of shark 
0 bai 


Hotspots for fatal animal attacks 


India 

Half ofthe world’s 
snakebite deaths occur 
here~11,000a year! 


Venezuela ‘ 

Rabid vampire * 
batskilled 38 

people in 2008 f 


Australia 


75 per 
ent of 
attacks occur with 
Sassowaries that have 
een fed by humans 


Black mambas are 
the world’s fastest 
snakes, travelling at up 

to.19km/h (L2mphy! 


~— Bangladesh 
aso peopleare 
killed by tigers 
everyyear 


eB 


New South 
Wales 

148 severe shark 
attacks from 
1876-2008 


South Africa Home ofthe 

Cape buffaloskill sea wasp, F 
more huntersthan cassowary and J 
any other big game funnel-web spider 
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The sting king 


30cm (11.8in) body, 3m (9.8ft) tentacles 
. * Habitat Open water @ Location Australasia 
© Diet Prawns, small fish e Kill tactic Sting 
The sea wasp isthe largest and 
most deadly of the Cubozoa, or box 
jellyfish. In fact, it may be the most 
venomous creature in the world. 
Sea wasps huntsmall fish and 
shrimp, but their delicate bodies 
make it essential for them to 
immobilise their prey immediately. 
Their venom works on humans by 
causing red blood cells to leak 
potassium molecules, disrupting 
the electrical signals that allow 
muscles to contract and so your hear! 
stops beating. This works 
the same wayas the lethal injection 
used for capital punishment. Large 
numbers of sea wasps can gather in 
shallow coastal waters at certain times of 
year and their bodies are virtually 
transparent, making it easy to blunder 
into one by accident. Victims often 
drown before reaching the shore, or die 
of heart failure soon after. 


Microscopicharpoons 
Jellyfish tentacles are lined with batteries of stinging 
cells called nematocysts - see how they work here 


1. Loaded 
Thenematocyst begins 
asabarbed harpoon 
pointing downwards, 
with acoiled tube 
attached to it. 


2. Trigger 
Hairsoneach 
nematocyst, together 
with chemical sensors 
onthe tentacle, trigger 
severalstings grouped 
into batteries. 


3. Fire 

The trapdoor flings 
openand the coiled 
tube suddenly swell 


tostraighten. 


5. Eject cartridge 
Each nematocystis 
ripped free and continues 
to pump venom. Anew 
one grows backafter 
about 48 hours. 


4. Bullseye! 

The barbed harpoon 
lodgesintheskin, 
while the hollow 
tube drives onward 


, todeliverthe venom. 
s| 


with water, forcingit 
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Dogs kill at 
least 20 times more 
People than wolves do 


Our homes. Worldwide 
Bite to the throat 


50kg (1101b) 
Commercial dog food 


Dogs have lived alongside humans for 30,000 years. In that time our 
ancestors have used selective breeding to make them more docileand 
friendly than their wolfancestors - or have they? Around 4.7 million 
peopleare bitten by dogs and 26 people killed each year in the US alone. 
Most of these attacks are from the ‘Molosser’ category of breeds, which 
includes the boxer, great dane and rottweiler. These are heavy dogs, once 
bred for guarding, hunting and attacking, The victims are mostly infants 
who have wandered into a neighbour's garden, babies in their prams and 
the elderly. Running or snatching your hand away can trigger a predator 
response that can quickly escalate, But what makes dogs so deadly is that 
we generally take them for granted; always treat a hound with respect. 


The Queensland slasher 


1.7m (4.9ft) 
Fruit, insects, fungi 


Tropical rainforest 
Kick/slash 


Indonesia, Australasia 


The southern cassowary is the second heaviest bird on Earth, after the 
ostrich, and is also the only other bird known to have attacked and killed 
humans. Records of fatalities only exist for Queensland, Australia, and 
don’t include attacks on natives in Indonesia and New Guinea. The 
southern cassowary is most distinctive for its bright blue neck and a bony 
crest on its head. The crest is sometimes used to butt victims as the bird 
charges, but most injuries are caused byits kick. The claw of each inner 
toe is likea paring knife and the cassowary can jump to chest height 
before slashing. Humans have had their throats cut by a single strike and 
the force of the kick alone is enough to cause internal bleeding. 


Wing 


Thesilent assassin ia anata ioei st © 


15mm (0.6in) Stagnant water minute, producing that 
Sub-Saharan Africa, South America, India distinct whining sound. 
Nectar, blood Disease transmission 
The mosquito Anopheles gambize is 12,000 times smaller 
thana human. Inside its mouth isa protozoan organism Abdomen 
A . v Can holdup to three * 
that is 12,000 times smaller again. And yet, between times the mosquito’s 12 
them, they kill almost a million people a year weight in blood. It takes 
worldwide by transmitting and causing three cays digest. 
malaria. Male mosquitoes eat _ ==> ea? 


Eye 

Mosquitoes use their 
keen eyesight to locate 
suitablehostsand to 
choose their target area. 


bite mammals to supplement their diet 

with protein. Although many mosquito species are 

capable of becoming disease carriers, only a few live in close 
contact with us. Anopheles gambiae is particularly deadly 


= — 
plant nectar and are quite ——— oo 
harmless. The female eats = id's 
i of 


nectar too, but some species also & 


because it breeds in any available standing water, lives fora 2. | ~ 
long time and prefers to bite humans. The Plasmodium Salivary glands 
Glandsinject an : 
parasites that actually cause malaria enterthe bloodstream —_anti-clottingagent into 
alongwith the insect saliva and take justminutes to travel to _the blood, alongwiththe Antenna aaa 
. : ; : lari ite that 's the smell of COzan is 

the liver, where they begin to multiply. Malaria appears wualarla parasite that HEA er om Mandibles 
largely dormantas longas only the liver isinfected, butevery salivary glands. { explains why some people and maxillae 
few weeks or months, the liver cells rupture to release a kind are bitten more than others. These pierce the skin with 

asawingaction, driving the 
of spore cell that infectsred blood cells. This causes fever, srobeacis deeper and deerer 
vomiting, seizures and anaemia, then the cycle repeats. until it strikes a blood vessel. 


R Se 
bearded seals ® Kill tactic Skull-crushing bi 


An adult male polar bear can rear up over 

2.1 metres (seven feet) on its hind legs and 
weighs twiceas muchas a silverback gorilla. 
He can outrun you; im you anda 
swipe from his paw o1 i 
will be the last thing you see. In the 
polar bears wait next to holes in the 
sea ice and, when they smell the 
breath ofa seal, they haul 
it outof the water with 
one pawand crush its 
skull with a single bite. 
Polar bears have been observed. 
taking on one-ton walruses that 
have metre-long tusks and even 
beluga whales. Adult polar bears get most 
of their energy from the fat in blubber and 
seldom eat land animals. The rare attacks on 
humans mostly occurin autumn when sea swim up to 322km 
ice isall but gone so they can’tcatch seals. (200mi) from land 
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'BLACK MAMBA. : 
Onestrike and you're out! 
Fatal fangs Don't let the tiny teeth fool you - this : Short fang 


snake packs an incredibly nasty bite k . Ablack mamba has 
© Length 3m (9.8/t) ¢ Habitat Savannah, woodland and short fangewhich 


farmland ® Location Central and eastern Africa @ Diet Rats, do not fold flat 
bush babies, chickens, other : tactic Venom Black mouth inside the mouth. 
The black mamba is Africa’s longest venomous The RRcIaaroRAe 

snake. It generally keeps away from humans named for the black 


and is responsible for far fewer snakebite cases inside of its mouth, 
which it gapes toscare 


than the cobra, viper or krait, butitis very elfiatge ciate: 


aggressive and has the fastest-acting venom of 

any serpent. Without antivenom, a bite is 

invariably lethal to humans. Since the venom : 

spreads so quickly in the body, victims candie uN a Jaw muscles ™j Venom gland 
Black mambas Each bite injects 
will bite and about nine times 
release large prey, fm thelethal venom 
but mice and rats dose for humans 

| are gripped until and they can bite 
they are dead. up to1atimes! 


within 20 minutes. The black mamba can rear The black mamba can 
up high and oftenattacks the body or even the raise the front third of its 


§ - body offthe ground 
iriking several times. The venom causes when mévign ait ant 


ittomake powerful 
forward lunges. 


You're most likely 


tobe bitten bya 
miesyiny fA bush predat 
=e’ Anambush predator 
3m (.8ft) Open grassland and forest 
Indonesia Deer, carrion Bite 


There are very few confirmed attacks on humans by Komodo dragons, 
and even fewer fatalities, but this is mainly because they are very rare. 
There are fewer than 5,000 in the wild, spread across five remote islands 
in Indonesia. Komodo dragons are determined predators that normally 
attack from ambush, but can run at19 kilometres (12 miles) per hour and 
even climb trees to reach prey. Their jaws havea bite force that is actually 
less than a domestic cat's, so they don't kill by crushing. Instead they will 


The venomous villain hold down prey with their heavy forelimbs and slice chunks out of their 
victim with incredibly sharp teeth. Komodo teeth also havea layer of 


4cm (1.6in) Under rocks and logs Within 100km (62mi) living tissue covering them that gets torn as they feed. The mixture of 
of Sydney, Australia Insects, frogs, lizards Venom blood, saliva and carrion in their mouths createsa breeding ground fora 
The female Sydney funnel-web spider spends most of her time ina range of toxic bacteria and, evenif prey makes getaway, bite wounds 
burrow, monitoring the trip wires from her funnel-shaped web. The are very likely to become septic. Komodo dragons also have venom 


male, on the other hand, wanders out in warm weather, looking for glands that can inhibit blood clotting and induce muscle paralysis. 
females. This means you are most likely to be bitten bya male, which isa 
problem because its venom is six times more powerful than the female's. 
Sydney funnel-webs are super-aggressive and won't flee if challenged. 
Instead they will bite multiple times to inject as much venomas possible. 
The venom contains atracotoxin, which causes muscle twitching, low 
blood pressure and respiratory failure. Most mammals havea high 
immunity to Sydney funnel-web venom, but humans are acutely 
sensitive. The relatively low number of deaths is due to the spider's 
limited distribution and because a very effective antivenom exists. 


Komodos force 

large prey down 

their throat by ramming 
against a tree! 
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Thebig mouth 


* Length 4,5m (148ft) © Habitat Savannah and 
forest riverbanks ® Location Sub-Saharan Africa 
© Diet Grass ® Kill tactic Bite 


The hippopotamus has long had the reputation 
of Africa’s most dangerous animal. Although it 
only eats grass, the hippo is extremely short- 
tempered. Their massive canine tusks are raz 
sharp, halfa metre (1.6 feet) longand used 5 
purely as weapons. Hippos can open their % ATTACK STATS 
mouths wider than any other land animal; i 

‘ Size of mouth cape 
there are even tales of luckless hunters having cat sale 
their head and shoulders bitten clean off! These 7 j can only open 45"), 
animalsare very territorial in the water, with Bite strength 
males defending their harem and females 8, 
protecting their calves. Boats are overturned ivisestict 
without provocation and the tipped-out 2 > tusk/tooth 
occupants often killed. On land hipposaren't so 2 é 50cm (19.7in) 
territorial, but will still attack safari tours in Average number 
their vehicles, as well as lions and crocodiles. The hipy the ~ = 4 ‘of humans killed 

Ett wer 


‘4 on h 
Fatal attacks have declined in recent years, but pwidestmouth onlandant equally sa gach ate) 


only because the hippo itselfis growing rarer. maaan: aaa : 4 


OCEANIC WHITETIP SHARK BITE STATS 


Deep-sea destroyer = Ci ee 


Slo 
* Length 3m (9.8ft) © Habitat Deep waters warmer than 18°C (64"F) ® Location a 


Tropical seas © Diet Squid, fish © Kill tagtigsBite, feeding frenzy transmission am) Bite size 
. 1. eoennenein, 
According to the International Shark Attia -— ‘dlarsatee 
File, there are only seven recorded unprovoked ee 
- RNS wa. Number of teeth 

attacks on humans by oceaniewhitetip sharks. » eee 
The great white shark has 139 unprovoked 

+: ‘ Average number 
attacks to its name since 1990, with 29 of them saved hiinens iilied i > 
fatal. But what elevates the oceanic oS — eachyear 
whitetip shark to the ranks of the . Unrecorded 


-~ 
truly deadly is the number = 


ofattacks that go — 
unrecorded. This isa 

deep-water species 

that rarely comes into 

contact with swimmers 

or surfers, but it is believed 

to be responsible for a large 

number of deaths among shipwreck 

victims. In particular, during World 

War II, the USS Indianapolis and 

the troop ship Nova Scotia were 

both torpedoed by submarines 

in tropical waters. Hundreds 

of the initial survivors are 

thought to have been Whitetips may havel 


eae once been the most 
eaten by oceanic whitetip abundant la 
rge predators 
sharks in both cases. 
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Amazin 


Deadly 
dinosaur 


Until they were wiped out 65 million years ago, 


animals 


dinosaurs ruled the Earth. Among them, 


monstrous beasts stamped their authority over 
the menagerie, devouring all who stood in their 
way. These were the dinosaur kings, the largest 


carnivores the world has ever seen 


Evolving from archosaurs (large 
lizards) in the latter part of the 
middle Triassic period, dinosaurs 


quickly gaineda strong and prolific 


foothold all over Pangaea, the 
super continent which all our continents were 
once part of. Indeed, as the dominant terrestrial 
vertebrates through the Jurassicand Cretaceous 
periods, thousands of species of dinosaur have 
been unearthed as fossils by palaeontologistsall 
over theworld, with new discoveries being 
presented every year. Among them, huge 
behemoths with skeletons over 16 metres long 
and six metres tall, with skulls the size of bath 
tubs have surfaced and delivereda scary and 
disturbing glimpse into the creatures that once 
prowled the countries westill live in today. 

Among the largest of these giants, a group of 
massive carnivorous theropods (bipedal 
dinosaurs) emerged throughout theJurassicand 
Cretaceous periods, casting a shadow over the 
rest of the dinosaur population. The most famous 
of theseis the Tyrannosaurus Rex, asmade 
popular by the Jurassic Park films, however this 
type of theropod was but one ofa host of killers 
and, amazingly, not the largest! Historically, of 
course, the reign of these carnivorous kings was 
cutshortin the mass-extinction of the dinosaur 
population at theclose of the Cretaceous period, 
whenaito-mileradiusasteroid crashed into the 
Yucatan Peninsula, setting offa chain reaction 
(tsunamis, dust clouds, temperature variation, 
food chain collapse) of events that eventuallyled 
to their extermination, 

Here, though, we explore the giddy heights of 
the pinnacle of dinosaur evolution, the time 
when nothing living on Earth couldmatch these 
beasts for size and strength, Better run for cover 
then, asthingsare about to get prehistoric... 
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“Among them, huge behemoths" 


with skeletons over 16 metrés long 


andsix metres tall, with skulls the 


sizeofibath tubs have surfaced” 


Spinosaurushad one 
of the longest skulls of 
any carnivore, some 
gsm long. 


Snout and about 
Thelong,crocodile-likesnout 
suggests it plunged its jaw into 
watertocatch fish, 


Sail of the century 
Thesail of Spinosaurus 
was formed ofvery tall 
neural spines growing onthe 
backvertebrae, 


Step aside T-Rex, this was the ultimate theropod. 


Bigger and arguably meaner than the Tyrannosaurus Rex, the 
Spinosaurus is thought to be the largest theropod dinosaur 
to everroam the planet. Over 16 metres long, six metres 
high and weighinga monumental.2 tons, the 
Spinosauruswasa relatively commonanimal in the 
late Cretaceous period. Palaeontologistshave found 
fossilised remains of the Spinosaurus in Morocco, 
Libya and Egypt, including a well preserved but now 
destroyed (blown-up ina World War II bombing run) 
specimen that included the lower jaw and 
vertebrae with complete spines. Spinosaurus 
was typical fora large theropod but 
differed in its skull and vertebrae 
construction. The snout of the 
1.75-metre skull was long likea 
crocodile, with the nostril 
openings placed well back from 
the tip. Its teeth were also conical, 
rounded ina cross section and did 
not contain any serrations - these 
features suggest that the 
Spinosaurus plungedits jaw 
into water in order to catch 
fish. However, considering 
itssize, jaw strength and 
number ofteeth, it equally 
had no trouble in hunting small, 
medium and other large 
dinosaurs on land. 


with kind permission offerryLofaro 
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The statistics... 


Sd 


Nota dinosaur you'd 
want to meet downa 


darkalley. 4 
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The dinosaur with a big name to live up to, 
but was it as colossal as it sounds? 

Meaning ‘giant southern lizard’, the Giganotosaurus was roughly the . 
same size as the largest Tyrannosaurus Rex, measuring over 12 metres x ¥ » 

long, five metres tall and weighing over eighttons. Theskull ofthe denen oo Et 
Giganotosaurus was adorned with shelf-like bony ridges, notably above | HHdlges above the eye sockets, 
the eye sockets and had low horn-like projections, while the neck was 

considerably thicker than that of the Spinosaurus, witha stoutand 

powerful head supported by it. Giganotosaurus remains have been found Arthur Weasley 
in Argentina andit has been postulated by palaeontologists that it dined 

mainly on medium-sized dinosaurs such as Andesaurus, 


Size comparison Who was the real king of the dinosaurs? 


Giganotosaurus T-Rex 
Itmay sound big but Giganotosaurus | Maybe not the biggest, but 
wasn'tat the top ofthe pile... thatdidn'tstop itbeing the 
Height: 4.5m Length:i2m ultimatehunter. 
Height:5m 
Length:15m 


Spinosaurus 
Longerand heavier 
than itsclosest 
competitors. 
Height: 6m 
Length: 16m 


the world’s it name to pronounce.. 
Named in 1931, the African Carcharodontosaurus was a huge 
FRR aR th a pei a 
sI svery 
r Ee .6 metresin length, while 
fis tod was tallerat the back than at the front, givingita 
low, streamlined physicality. The thigh muscles of 
the Carcharodontosaurus were some of the 


largest ofany dinosaurand this, in partnership 

with itsnarrow streamlined frame and ferocious 

harp teeth, madechasingdownanddevouring gp auctike teeth 
mentary. Arguably thequickestofthe _Tyvserationsintheteeth are 

carnivorous theropods, the archarodontosaurus —_yerysimilartoashark’s 

wasa fearsome predator. Fossilised remair 

have been found in Morocco, Tunisia and 


Thisincredible beast was named 
afterits deadly serrated teeth 


taceous period andstalking the area thatis now 


urus was aclose relative of th notosauru: 


four metres and weight of four tons, itwas still a fearsome predator. 
alaeontologists bel hatthe Mapusaurus would engage in 
wuntingactivity, allowing groups of them to take down larger foe Parnas 
than they would be ableto achieve on theirown. Theremainsofthe femurs 
Mapusauruswere first excavated between 1997 and 2001 and now complete i 
the majority ofa full skeleton. Due to its connection to the Giganotosaurus, it 
shares many ofthe same characte! 


The most famous dinosaur of 
them all and the ultimate predator 


‘The T-Rex was one of the largest terrestrial Good eyes 
carnivores in the world, with the estimated The PRexhad si 
strength of its bite greater than that ofany binocular, colourvision apes eto colou...in 


caseyou didn’tspotit 


otheranimal that has ever existed on Earth. runningatyou! 


Standing ata height of five metres, measuring 
over 13 metres in length and weighing over 
nine tons, the T-Rex is considered tobe one of 
the most fearsome hunters ever. 

The body of the T-Rex was perfectly 
balanced, with a horizontal backbone 
positioned abovethe hips giving completely 
equal weight distribution. The headwasalso 
colossal, measuring1.6 metres longand far 
bulkier than any other theropod, containing 
58serrated teeth and large forward-facing eye 
sockets giving itacute binocular vision. From 
fossilised remains of Tyrannosaurus faeces, 
palaeontologists have discovered that the 
‘T-Rex crushed bones of the prey it consumed. 
The T-Rex was prolific over the entire western 
North America. 


Matter of 
—_ balance 

Themassiveskull of 
theT-Rexwas 
balancedbyathick, 
heavy tail. 


‘The TRexhad 58serrated, 
banana-shapedteeth. 


ae’ Amazing animals 


“Afrogs skin 
is permeable, 
allowingthe 
frog to absorb 
both water and 
oxygen with it" 


The life of frogs 


Kissing one wont produce a prince but there's 
plenty to love about frogs just the way they are 


HM Allfrogsand toadsare amphibians 
and members of the order Anura, 
which means ‘withouta tail’ in 
ancient Greek. Although theyare 
most plentiful inthe tropics, frogs 
are found inall continents except Antarctica. 

A frog's skin is permeable, allowing the frog to 
absorb both water and oxygen. This means these 
creatures can breathe even underwater for long 
periods. Species that mustsurvive long periods of 
extreme cold use glucose produced by the liverasa 


How 
frogs 


develop ; gto ae inaround 


148 


type of antifreeze, which protects their organs from 
damage, even if the waterinand around the frog 
completely turns into ice! 

Frogsare largely carnivorous, and to survive they 
live mostly on insects. They hunt by sight, too,but 
they see better from farther away than they do 
close-up and they don’t perceive still objects well 
either. However, they make up for thisin their 
ability to detect moving prey, which many species 
can pluck out of the air with retractable sticky 
tongues. Their eye position means frogs can sit 


Week 1 1 


Frogspawn 
When frog 

are laid, the 
tinyembryo 


Asthe 
larva 


inlayersof 
protectivejelly. 


develops, itreleases 
hormones which 
cause the egg 
tosplitapart. 


almostentirely submerged while still able to watch 
for potential food or predators. 

Whenit comes to romance, the frog relieson 
sound rather than sightto find a mate. Males use 
enlarged mouths or throat pouches to amplify their 
call overlong distances. Though not famous for their 
family life, some frogs show elaborate parental 
skills. Indeed, a few species in places without much 
accessible waterraise their babies in specialised 
pouches in theirskin or even in their mouths for the 
entire tadpole phase, before releasing them, @ 


Larva 


With few exceptions, 
tadpoles are fully 
aquatic, using their 
strong tails to propel 
themaroundin 
search of food. 


What's inside a frog? Brain 


The brain hasthesame 


Often used to teach anatomy, frogs havea body plan much like our main components ours Lungs 
own - but with a few important differences. do, but the cerebellum is “~ Despite breathing via its 
comparatively small, skin, the frog has lungs. 


With no diaphragm or 
ribs to inhale with, it 
puffs up its throat to 
force the air backwards. 


Kidneys 

The kidneys filter blood 
and converturea into 
urine, to go to the bladder. 


Oesophagus 
Food passes from the 
mouth via the oesophagus 
tothestomach. 


Heart 

The frog's heart has only 
three chambers, unlike 
our four, but its 
ventricular folds help 
prevent oxygenated and 
non-oxygenated blood 


frommixing. — ¢ = IRS 


L WW 

i : i Urinary bladder 
Intestine aS | U 

and stomach ‘ YZ Testis Urine produced bythe 
Asin humans, food is CE ww Thetestesofthemale _Kidneyscollectsinthe 
partially broken down in frogareattachedtothe _U!lnary bladderandis 
the stomach before passing Cloaca _ kidneys. Male frogs lacka Pe ee 
to the intestine, where most Liquidandsolidwaste, Penis, sospermis ejected into the cloaca. 

ofthe digestion takes place, aswellasspermand _ directly onto the eggs as 

eggs, all wind up inthe they are being laid. 


cloaca, where theyare 
The stati S. ejected from the body 


via the cloacal vent. 


Bright, beautifuland potentially ~ toxicityfrom their arthropod prey, 
lethal, the Dendrobatidae family, _eg mites. This means frogs born 
aka poison dart frogs, let would-be _and raised in captivity are non- 
predators know theyshoulddine _toxic, since they can't synthesise 
elsewhere. Their colourful skin these compounds independently. 
exudesalkaloid compoundsthat The most toxic frogs produce 
putsomeofthese tiny frogsamong —_ batrachotoxinsand less potent 
the mostdeadly vertebratesalive. _ pumiliotoxins, both of which are 
However, they can’t do italone: cardiotoxins, causing muscle 
poison dart frogs obtain their spasm, arrhythmia and death. 
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Larval tadpole Froglet Teen frog Adult 

Most frogsare Legs emerge from Thetailisthe ‘The fully grown 
carnivorous, but under the gill sac; the last thing to adultis equipped 
many tadpolesare gut shortens; eyes disappear. tohop long 
herbivorous. They use shiftand change; ear The frogis distancesand 
spiral tooth ridges to structuresand skin nearly fully survive in water 
scrapealgae offrocks. glands develop. developed. andon land. 
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How do 
frogs leap? 


Discover what enables 
this amphibian to jump 
up to 50 times its¢ 
body length 


The secret to why frogs can jump so 
farisallintheir legs. The ideal way 
fora frog to evade predatorsis to 
leap away ina splitsecond. The 
amphibians have evolved extremely 
strong hind legs with specially fused leg bonesand 
proportionally big feet, which are perfect for 
launching into the air over huge distances, because 
they enable the frog to push offagainst the ground 
for longer periods of time, READY FOR TAKEOFF... 
Using high-speed cameras to examine the 
anatomy ofa frogas it jumps, researchers have Fr tied a ea ge 
discovered the mechanicsof howa frogcantravelso frog leg musclesarestretchedlikesprings 
far. Pre-jump, themusclesina frog’spowerfulhind —_andready orrelease. 
legs are lengthened and stretched as they sit in the 
typical crouching position. Upon takeoff the 
muscles connecting the pelvis to the knee contract 
as the frog flies into the air, pulling the upper hind 
leg backwards and propelling the frog forwards, The 
muscles then stretch again once the frog has. 
reached the ultimate height of its jump. These 
super-stretchy muscles store a hugeamount of 
elastic energy, which in turn is transferred into 
mechanical energy. 
The appropriately named rocket frog can jumpa 
massive two metres (6.6 feet) - that’s over 50 times its 
own body length. Thisisthe equivalentofOlympic 2. Forelegs 
triple-jumper Jonathan Edwards jumpingaround 90 The rogflexesits forelegs 
metres (295 feet) in one stride -letalone three. firstto initiatethejump. 


One mighty leapcan be the 
difference between life 
and death fora frog 
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Elasticemergyin the leg muscles 
transformsinto mechanical 
energy during the leap 


3. Hind legs 
Simultaneouslythehind 
legsextend toavertical 


henswingroundto 
leand draw the legs 


backup intoa bentposition. 


©DKimages 
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Super-snappy tongues _. 


How do some amphibians and reptiles : 
catch bugs with projectile tongues? 


) Imagine ifyour tongue was 80 The tip of the chameleon’s 
percent ofthe length of your ballistic tongue can 
body, andyou couldpokeit accelerate up to 50 g-five 


lonfandthenveeli(backin times faster thana fighter jet! 


again within 20 thousandths 
ofa second, Well, ifyou'rea lungless 
Hydromantessalamanderthat’s oneability 
youalready possess. 

Creatures like frogs, chameleons and 
salamanders havea staple diet consisting 
mainly ofinsects. In orderto make a quick 
getaway, most of these bugs have evolved 
sensorsthat detect even the slightest 
movements made by their would-be 
assassins, so the hunter must be able to get 
close without being detected. To help them 
graba bite, someamphibiansand reptiles 
have very longand sticky tongues -perfect for 
catching flighty prey without having to get so 
close. While most of these animalsstrike out 
using elastic recoil, Hydromantes do thingsa 
little differently... 


2 


- x Tongue skeleton 
5 © "The tongue consists of a bony 
. skeleton surrounded by 
protractormuscles that store 


, me) elasticenergy. While the 


The fastest tongue 
inthe world 


See how the web-toed salamander “‘* Projectile ? 
Uses ballistics to fire its entire >; The onal exploding from eh. apa 
tongue skeleton out of its body . we ee _ themouth is truly projectile Pat GTRTE wicuth aivth bs 
<4 inthe sense that theentire ingele tcblamantes spe 
tongue skeleton is fired out thesesuag tin qdesucletom 
te Hydromantes ofthe body. The tongue is > extends over the shoulders, 
eal mander tipped with asticky mucus 


© Hydromantes salamanders pad that adheres to prey. 


are the proud owners of the 

fastest tongue on Earth. This 

appendage is not only the 

longestamphibious tongue, 

butit’s also one ofthe most 

accurate tongue-protrusion 

mechanisms seen in nature. 

Toensure it doesn’t go 

hungry itusesa built-in 

ballisticprojectile to grab its 

next meal. Imagine the oo, 
tongue asa tethered arrow 
being fired fromabow. 


Protractor muscles 
Ringed around the tongue 


Retractor muscles skeleton arestretchy 

The tongue snaps back into the mouth protractor muscles. When 
with the help of long retractor muscles the muscles around the 
connected to the pelvis. The retractor hyobranchial apparatus 
muscles don’t have the same power asthe contract, the whole thing 
protractor muscles, but the tonguestill shoots out of the mouth like 


recoils back into the mouth very quickly. a crossbow arrow. 5 
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Acrocodile has the strongest biteofany 
known creature, producinga force of 


e e 
around5,000 pounds per square inch. 
The muscles that control this bitedown 
have evolved and developed to be extraordinarily 
strong, and alongside relative speed over short 


Why do crocodiles have the strongest bite of any creature tisteincescoutlenil al ts imnienstly shor teeth 
that crocodiles prominently display, this 

known, yet are not able to open their jaw formsanimmense weapon for the 

if we place an elastic band around it? 


crocodiles to successfully hunt within a 
competitive environment. 

However, although the jaw muscles used 
tosnap the jawshutare well developed, the 
musclesused to open the jaware 
considerably weaker, so much so that ifthe 

jawis taped shut oralarge rubber bandis put 
around it, the muscles are not strong enough to 
push upagainst the force created by these. 


Jaw-dropping strength r 
Acrocodile’s bite isimmensely —- a 
powerful, butwhen itcomesto 

‘openingits jaw the muscles 
arevery weak. 


Low 


strength 
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~ Marsh croesbaskingin the sun 


Snakesare highly adapted 
killers. Non-venomous snakes 
kill by constriction 
(suffocation) or swallowing 
preyalive. Venomous snakes - which 
make up only ten per cent of the world's 
snake species - inject their victims with 
powerful toxins that either paralyse the 
respiratory system or attack red blood 
cells, instantly rotting flesh and bone. 
Only venomoussnakes have fangs, a 
set oflong, hollow teeth in either the front 


How and why do these slippery reptiles 


moult so frequently? 


Snakes shed their skin fortwo 
main reasons. The firstis to 
facilitate continued growth. This 
occursas snakeskin does not grow 
in partnership with thesnake itself, unlike in 
humans, where millions of skin cells are shed 
eachyear continuously ona microscopic, 
unseen level. On the contrary, snakes cannot 
shedskin in this microscopic way, 
necessitating them to literally outgrow the 
outer layer of skin whole ona frequent basis. 
‘The frequency that snakes shed their skin is 
largely dependent on the stage oflife cycle 
they are in, with sheddingsincredibly 
frequent during infancyand teenage years 
(bi-monthly insome species), butslowing toa 
couple of times per yearasadults. 
The second reason why snakesshed their 
skinis to preserve theirhealth. Poor living 
conditions (lack of humidity, lackof vegetation, 


Call them cold-blooded, but snakes b 
have death down toa science atte * 


or back of the mouth that act as 
hypodermic needles. Asfangs enter the 
flesh, the snake flexes its jaw muscle, 
squeezing toxicsaliva out of the venom 
gland, through the fang’s venom canal and 
deep into the victim’s tissue. 

Snakes can control the release of venom, 
so many defensive strikes against humans 


are non-lethal ‘dry bites’. If bitten, never Pitvipershave 
try tocut open the wound orsuck out the hinged fangs 
venom. Keep the victim calm andget toa pee 
hospital quickly fora dose ofantivenin. © ‘themouth. 


close-up view ofa 
ake’sshedded skin 


excess heat, and so on) as wellasan 
inadequate food source can lead to skin 
damage and parasites. Ifleft unchecked fora 
long period of time in the wild, this would be 
highly detrimental to thesnake's well being. 
By shedding its skin, the snake can mitigate 
these potentially damaging conditions and 
startanewwith fresh skin. 

Interestingly, however, theshedding 
process brings withit complications. For the 
week ortwo preceding the shedding, the 
snake's vision isimpaired due to the loosening 
ofthe skin's outer layer, and the week or two 
aiterthe event, the new outer layer is soft and 
vulnerable to attack from predators. For this 
reason, snakes tendto be overly protective 
around sheddings, and largely inactive if 
possible. The snakeinitialises each shedding 
byrubbingitselfagainsta sharp objectsuch as 
rock, to pierce the outer layer ofskin. 


> 


Venom is modified 
salivacontaining 
neurotoxinsand 
hematoxins, 


Tinylower 
teethactasa 
pivot during 

“ the lightning- 

faststrike. 
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animals 


The world’s most 
venomous fish 


Almost invisible among the coral reefs, the 


Stonefish is a reaHife killer 


The Stonefish is the world’s 
most venomous fish thanks 
toitsability to inject deadly 
neurotoxins from thespines 

onitsdorsal fin into itstarget. The 

Stonefish’s neurotoxins work by 

attacking the nerve cells of whateveritis 

injected into, causing severe pain, 
sickness, nausea, paralysisand, 


depending on depth of spine penetration 
intoskin, death within three hours. 
Unlike most other poisonous fishwho 
dwell in the dark depths of the ocean - 
leaving little chance of human contact - 
Stonefish dwell in shallow watersand 
are likely to be found anywhere between. 
just beneath thesurface down toa depth 
ofthree metres. @ 


1. Nasal vestibule 
ow oO S sme Odour particles sniffed into 
e the noseare transported to 


the olfactory epithelium 
via the nasal vestibule. 


Ever wondered why canine noses are so good 
at finding food? We sniff out the answer 


Man’s best friend is famous for its sense of 
smell. In canines this consists of a nasal 


3. Brain 
vestibule and olfactory epithelium. The Odour patterns 
former channels odour-rich particles to the latter, detected by the 
: Grete 4 7 olfactory epithelium, 
with the epithelium supporting millions of receptor dieoaieporesvine 
cells that absorb the odour's chemical composition sub-series of cells 


patterns and then transports them to the brain for and nerves to the 
interpretation. Indeed, an average dog's nose hasso ea esaal 
many olfactory receptors that itssense ofsmell is 

1,000 times more acute than ours. And why are dog 
noses wet? Well, they generally have damp snouts 
for two reasons. Firstly, a wet nose is better for 
smelling. The moisture comes from a layer of 
mucous that thinly covers the surface, trapping 
and soaking up scent particles. The dog can 
therefore naturally sniffin the smell as itradiates off ‘The olfactory epithelium } x 
the nose, or lickit to taste the odour. The second Ba speunlece oped a 
reasonis that itis one ofthe few parts of the body dour dbticting calle E 
where dogs can excrete sweat. © 


Vampire bats livein 
dark cay ically in 
colonies of around 100 


+ = 


oe ~ 


Reallifé sea monsters so gigantic they dwarf the di 


‘The open ocean isan extreniély 
dangeroiis place to live. There areno 
trees to hide in, no burrows you can 
dig. Déath surrounds you in three 
dimensions and everything larger 
than you isa predator. To survive, 
you have to think big. For some species, this means 
living as part of a large school of fish. For others, it 
meansactually becoming genuinely, truly 
enormous. Tiny fish are eaten by small fish. Small 
fish are eaten by larger fish and so on. In every size 
bracket, natural selection favours the larger animal 
over thesmaller one. Over millions of years, animal 
species tend to grow gradually larger and larger 
until they are too big to fit in anyone's mouth. 

Being bigis easier in the sea thanon land because 
the buoyancy of water supportsan animal evenly 
around its body, instead of ust through the soles of 
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its feet. An African elephant; for instance, can’t grow 
much larger than ten tonswithout fracturing its 

own legs. A blue whale, meanwhile, will weigh this 
much before it’s three months old. 

Sea giants can get by with much smaller skeletons 
and their bones don’tneed to be sostrong asthey 
aren't subject to so much shock loading. But the 
density of water also presents some challenges. It’s 
much harder to move through water thanair, so 
streamliningis essential. A blue whale is 60 times 
longer than it is wide, compared with only355 times 
fora hippo. The rear third of the whale’s body 
provides the muscle to drive the 7.5-metre (25-foot) 
tail fluke up and down. Why does an animalwith no 
natural predators need to cruise at3z kilometres (20 
miles) per hour? One reason is that it makes it much 
harder for barnacles to attach. It’s ironic thatan 
animalas large asa whale should be threatened by 


& 


Nosaurs ~*~ 
something assmallasa barnacle, but if enough take 
hold;theextra drag drastically increases the energy 
required to swim. 

Food is the limiting factor for all big sea creatures. 
Light doesn’t penetrate far in water so thereare no 
grassy plains for large herbivores to graze. Instead 
theocean isa thin soup, with the occasional chunk 
of meat bobbingin it. Youcan chase after the 
chunks, but catching them requires more energy, 
which means you need more food and so on. 

The largest animals in the sea have foundit is 
more lucrative to swallow the ‘soup’ instead. This is 
a mixture of unicellular organisms, fish larvae and 
shrimp, ie plankton. They are too small to swim 
against the current, so it’s just a matter of straining 
them from the water. Thelion’s mane jellyfish can 
do thiswhile expending virtually no energy. It 
swimsslowly up by pulsing its belland then relaxes 


The largest animal ever to have lived 


copepods. 


erage life span in the wild: 


Throughout the 


five to seven maim populations 


todriftdown againlikea parachute. Asitdoes, its , 


ahermentacles billow out like hair togover a wide area 


and prey gets speared by its stinger cells. Most large 
whales;along with the whale sharkand the manta 
rays, adopta slightly moreactive strategy by either. 
swimming at speed into a dense cloud of plankton 
or taking huge gulps to suck them in, and then 
filtering them through a mesh of fibres made from 
modified teeth or gill bars. Differentanimalshave 
different sized filter meshes that trap a particular 
size of plankton. Whales and whalesharks trap 
only therelatively large krill (a kind of shrimp) and 
crab larvae. A ton of krill contains about 450 
thousand calories - whichis about tenth asmuch 
asa tonof chocolate - and an adult blue whale 
needs3 tons of krill a day. 

Very large animals protect their young to give 
them time to grow big enough to fend off predators. 


Diet: Fiiter feeder, e9 krill, 


‘Amazing fact; Anewborn 
bluewhale isthesamesizeas 
anadulthippopotamusata.7 
tons. They drink 4001 (700 
pints) ofmilk every day and 
puton 9okg jig8lb)a day for 
theirfirstseven months. 


Whales aremammalsso the embryo develops 
inside its mother to protect it. Greatwhite sharks 
and mgnta rays have abandoned the usual fishy 
strategy of laying eggs on the seabed and copied 
mammals; the eggsare retained inside the female 
and hatch as live ‘pups’. The mating and birthing of 
the whale shark has never been seen, but they are 
believed to use the same technique. Even the giant 
Pacific octopus will guard her nest of eggs until they 
hatch. Her month-long vigil is the last thing she does 
though because the exertion kills her- but she lays 
around 100,000 eggs in one go to compensate! 

Huge fish have other tricks normally reserved for 
mammals too. Large sharks and manta rays havea 
low surface area compared to their body size so they 
don’t lose as much heat. This makes them effectively 
warm-blooded and allows them to maintaina more 
active lifestyle even in colder seas. 


Binomial name: 
Macrocheira kaempfer 


Diet: Camivore, 


and carrion the 
Average life span in the wild: 


smal fish 


Average life span in the wild: 


Amazing fact: Those huge 
legs are quite fragile; almost 
three-quarters of Japanese 
ean spider crabshavea missing 
shellfish leg. Thisisn'ta problemas 

y can survive with three 
missing, and the walking legs 
can grow back when the crab 
moults toa new carapace, 


Crust 


Worldwide distribution: 


Souther coast of Japan 


Amazing fact: The largest 


known lion’smanejellyfish 
washed up in Massachusetts 
Bay, USA, back in 1870. Its 
tentacles were 36m (nft) 
Jong, making itlonger thana 
blue whale and possibly the 
longest recorded animal. 


ivore, eg plankton, 


ta 


The best-studied ocean giants are those that live 
infairly shallowwatet— above 200 metres (656 feet) 
-whére most of the plankton is. But there are very 
large animals including squid that live in the 
perpetual blackness beyond. Ifyou are an air- 
breathing mammal like asperm whale thatfeeds 
on these squid, you face aunique challenge. To feed 
youneed to diveto depths of up to three kilometres 
(1.9 miles), but to breathe you need to returnto the 
surface. The pressure change ina round-trip is 
almost3o0 atmospheres! To cope with this, sperm 
whales have three times more myoglobin intheir 
muscles to storemore oxygen and their ribcage is 
flexible so that the lungs collapse under pressure 
and reduce the amount of nitrogen that dissolves 
into the blood. Despite this, the skeletons of older 
whales show pitting from the decompression effects 
of repeated dives. @ 


157 


Amazing animals 


How the largest animal eats 
the smallest prey 


1. Big gulp 
‘Thewhaleswims — 4.Bal 
i leen plates 
iatland coon Feathery bars made of 
| esa ii keratin hang down from 
se theroofofthemouth 


tonsofwater, 


~ 
fk 2. Ventral pleats 

nr aad Between 60and9o_ 

5. Straining concertina groovesallow 
Thewrigglingmass of themouth to expand six 
kcrillis caughtagainst times biggerto hold its 


the baleen, whereit 
canbeswallowed. 


3. Sieving 
With the mouth shut, 
thewhaleusesits 


huge mouthful. 


enormous tongueto 
force thewaterthrough 
the baleen plates. 


How much do they eat a day? 


.and how many cheeseburgers would that equate to? 
—— i 


Blue whale: 3,600kg (7,9371b) eg krill 


2 


Killer whale: 227kg Goo!) eg fish, sharks 


~~ 


Great white shark: 30kg (Geib) eg fish, seals 


Giant Pacific octopus: 1kg (2.21b) eg crabs =46 


Lion’s mane jellyfish: 100g (3.502) eg plankton = 0.46 


likea huge comb. 


The shark with the biggest bite 


Binomial name: 
octopus dofleini 


‘Type: Cephalopod 


Diet: Cernivore, eg fish, molluses 


Average life span in the wild: 
3-5 years 


tt 15-70kg (33-15 4b) 


Size alone isn't 
enoughto protectthis octopus. 
Seals, sperm whalesand even 
sea ottersall preyon them, Their 
short lifespanisanadaptation 
to compensate high predation. 
Alltheir energy isexpendedina 
single spawning of 100,000 eggs. 


A glant Pacific octopus = Iman 


Super-smartkingof thegliders 


Giant oceanic manta ray 


may bethemostiitslie er 
theshans ape ae 
their brain-to-body ratio i 

much higherthanotherfish.A. ~ 
network of blood vessels the 
rete- keeps their brain warm, 


Mouth 
Whenawhalesharkis feeding, 
mouth can gape1.sm (4.9ft) wide. This 
creates tremendoussuction that 
makesitimpossibleforsmall animals 
toswim outof the way. Whale sharks 
have overzoo rows of teeth buteach 
toothis quitesmalland they don't 
appear toserveany purpose. 


Skeleton 
Sharks have cartilage rather than 
bone, and noribeage. Whalesharks 
beached inshallow water are quickly 
crushed to death by their own body 
‘weight. Inthe opensea, though, a 
cartilageskeleton saveswé 
because thas halfthe density of 
bone. This makes the whale sharka 
much mere efficientswimmer. 


Binomial name: 
Rhincodon typus 


‘Type: Elasmobranch fish 


Diet: Filter feeder, eg krill, 
crab larvae 


80 years 
Weight: 9,000kq (19,8421b) 
Size: 9.7m (32ft) 
Worldwide distribution: 
Tropical seas worldwide 


Gills 
The real business of feeding occurs at 
the gills. Aswellas extracting oxygen 
from thewater, the gillshave ten filter 
pads(seepicture) that sieve out 
anythingover2-3mm (0.08-0.2in).. 
Althoughefficient, sometimes the 
pads can become blocked and the 
shark must ‘cough’ to clearthem. 


Skin 
10cm 3 9in}-thick akin providesa rigid 
covering that maintains theshark’s, 
streamlined shape; when weswim, 
thewatercauses ourskintoripple, 
which leads to drag. Sharkskinisalso 
covered with tiny placoid scales. Each 
oneisstructured likea tooth, with 
enamel, dentineand pulp cavity; 
thescales reduce microturbulence. 


Average life span in the wild: 


Amazingfact: According to 
the WhaleShark 6 Oceanic 
Research Center, there are 
reports of whale sharks three 
orfourtimes bigger than the 
norm, One caught ofthe coast 
of Taiwanin1994allegedly 
weighed almost36 tons! 


Brain 
Whalesharkshave quitesmall brains 
‘comparedto other sharks. Brain 
tissue requiresa lot of energy, sobig 
brains must earn their keep. These 
sharks don’tactively hunt, and their 
hugesize keeps them safe from most 
predators, so they don'tneed the 
same cunningas othershark species. 


Liver 
Instead ofa swim bladder, sharks use 
anoilcalled squaleneto maintain 
buoyancy. Thisisstored in the liver 
and, sinceoilisn‘taslightas gas, the 
whaleshark needs lots of it-indeed, 
the liver can weigh up to two tons! 
Fishermen in Kenya huntwhale 
sharks fortheir liverand the oil froma 
single shark can last them foryears. 


any /animal f 


‘The biggest bivalve mollusc. They 
canweigh up to200kg(44ulb)and 
liveona combination of filter 
feedingand photosynthesisfrom 
symbioticalgae. 

Brisingid starfish 
Midgardia xandarosis the biggest 
starfish. tsslenderarmscan beup 
tox.4m (4.6ft)Iong. Moststarfish 
havefivearmswhilesome,likethe 
onepictured, have12.0r mare! 


Giant 

Bathynomus giganticus might 
Jooklikea garden woodlouse, but 
thisrelative ofthecommoncritter 
canweigh up tor7kg(37ibjand 
reach 76cm (29.9in) long; that’s the 
sizeofanewbom baby! 


stock; DK Images; Getty 
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yanimals 


While the northern hemisphere 
experiences winter between 
December and February, winter in 
the Antarctic takes place between 
Juneand August. One ofthe only 
creatures to endure the -30-degree-Celsius 
(22-degree-Fahrenheit) temperaturesand 
160-kilometre (100-mile}-per-hour winds of 
Antaretica’s harsh wintersis the emperor penguin. 
The stalwart malesin particularspend the entire 
winter in the unforgiving landscape of the frozen 
continent's exposed open ice. 

While pretty much all other Antarctic 
wildlife heads formilder climes, the 
emperor penguinsstickit out. The reason 
they do this isso thatthe new chicks will 
be fully fledged in midsummerwhen 
survivalrates are much higher. 

It’sa treacherous 12 monthsin the 
life ofanemperorpenguin, but 
their resilience and dedication to 
caring fora single precious 
egg for months onendis 
simply extraordinary. 


The statistics... 


"It’s cold out there... 


Home to the lowest temperature ever recorded at the Earth's surface, 
Antarctica can get seriously chilly during winter | 
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Giant 
pandas 
explained 


The carnivore that thinks it's vegetarian 


There hesits, the giant 
panda. Solitary, 
peaceful, resting upright 
on his furry haunches 
likea black-and-white 
Buddha. A born carnivore, this 
perplexing member of thebear family 
passes on the meat coursealmost 
entirely, choosing to persist on nature's 
version ofa celery diet: bamboo. 

Ahighly endangered animal -less 
than 2,500 exist in the wild-the panda’s 
monotonous (nearly monovorous) diet is. 
part ofits undoing. The nutritional value 
of bamboo is negligible, exacerbated by 
the fact thatthe panda is genetically 
incapable of digesting cellulose. The 
resultisthat much of the panda’s 
extremely high-fibre diet passes right 
throught, providing only minimal 
caloriesto an animal that can grow up to 
136kg (300lbs) in the wild. 

So there the giant panda sits, for up to 
16 hours every day, tearing and grinding 
away atpiles of this nearly indigestible 
plant simply to eke out enough caloric 
energy towake up the next day and do it 
all again. That peaceful, almost Zen-like 
demeanour has less to do with 
temperament than low blood sugar. The 
poor panda can hardly muster the 
energy to mate, and when he does 
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successfully reproduce, the female will 
only raise one youngata time, even 
though the majority of births are twins. 
Such a slow reproductive rate makesthe 
giant panda population highly 
susceptible to outside pressures, of 
which there are many. 

Habitat loss is the panda’sgreatest 
threat, then poaching. Because of their 
singular devotion to bamboo, pandas 
must live where the plantisabundant. 
Today, the only suitable habitat is limited 
to 20 isolated sections of mountain forest 
insouth-western China, all of which 
have thankfully been protected by the 
Chinese government with help from 
conservationist organisations like the 
World Wildlife Fund. 


: Anewborn panda is 


practically hairless 


The amount of energy an animal obtains from food is measured in 


calories. The following information reveals howmany caloriesa panda 
must consume per day compared with other creatures. 


ANIMAL CALORIES CONSUMED PER DAY 


Elephant 40,000 


Giant panda 20,000 


Adult humans 2,300-2,600 


Mouse 20 


Paws 

Apseudo-thumb, an elongated wrist 
bone covered witha thick padofskin, is 
used forgrasping bamboostalks. 


Teeth 


Fur 

Pandas havetwo types 
offur: long bristly hairs 
anda thickwool-like 
undercoat. The panda usesits jaw to 
reason for their black- grind down the plant 


and-white colouring with four lat molars. 
isunknown. 


Asetofknife-like 
frontteethrip the 
bamboo, then the 


Front 
legs 
‘The pandarelies 
onitsstrong, 
flexiblefront legs 
topullout 
bamboo shoots, 
breakthem into 
usable pieces 
andtoeven 
climb tees. 


FE) 
Stomach 
7 With thestomach ofa 
Hind legs carnivore, pandas 
The panda’shind legs z relyonmicrobesto 
arespread widely Skin help breakdown the 


apart, helpingitto sit 
comfortablyforhours 
onend, butmakingit 
difficulttorun. 


‘Theskin undera pandas black fur 
isgreyand theskin underitswhite 
furispink. Newborn pandasare 
entirely pinkand nearly hairless. 


abundantcellulose in 
bamboo.A thick layer 
ofmucusprotects 
againstsplinters. 


YPOISMUTL, 


Without opposable” 
thumbs, the panda had to 
\ adapttogrip bamboo 


Thumb Fingers Pads 
Anevolved bone Fivestrong, bulbous fingers Toughened skinned 
pseudo-thumb helps help strip bamboo for padshave developed to 


dexterityand easierconsumption. increase grip friction. 


gripstrength. 


Where the wild 
pandas are... 

1 Minshan mountains: 
45% of the wild panda 
population live inthese 
biodiverse Chinese 
mountain forests, 

2 Qinling mountains: 
200-300 pandas live 
onthe cool, wet 
southern slopes of this 
Chinese range. 


A’carnivorous’ 


panda will optfor 
SBamboo over meat. 
everytime 

_ 
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How do these 


creatures open 
their mouths 
so wide? 


Ahippo may open 
its mouth wideas 
asignof 
aggression, ina 
way similar to other animals 
suchas lionsand baboons. 
Opening their jaws shows 
others their fearsome set of 
weaponry: their teeth. 
Although hippos eat 
vegetation, they do notuse 
their teeth to do so. Their 
giant canines and incisors 
are used only for killing. 
Instead, they usetheir huge 
lips to rip grass from the 
ground for consumption. A 
hippo isable to spread its lips. 
througha jaw-dropping 150 
degreesand up to1.2m (3.91t) 
in width. The strength ofa 
hippo’s jaw muscles ~a bite 
force of1,800lb -is such that it 
canuseits fearsome teeth to 
bitea crocodile, human, or 
evenasmall boatin half. 


Theskull ofa hippopotamus 
containstusk-like caninesas 
longasyourarm 


Each ofa hippo's 
twolipsisabout 


0.6m (aft) wide 


canrip through theskin 
ofahippo's latest meal 


Jaw-dropping 
Ahippocan spread its 
gumstoan enormous 
iamGaft) 


NE eee 
Theapparent ‘yawn’ of 

ahippoisactuallya 

display of agg 


The tusk-like canines ofa hippo 
arenotonly used as weapons, 
butalsowarnoff potential 
predatorswhen displayed. 


‘A lie-inthatwe could 
only dreamof.. 
Eas 


Ligers and tigons are two 
resultant species that emanate 
when lionsand tigers cross 
breed. Ifa male lion mates witha 
tigress then a liger is born, ifa male tiger 
mates witha lioness then tigon is born. 
Both hybrid species are extinct in the wild as 
their respective habitats lead tominimal 
interaction, however many examples of both 
species can be found in captivity across the 
world inzoosand wildlife parks. 

Ligers are now the more prevalent of thetwo 
species due tothe greater probability of them 
living past birth, although during the early 
twentieth century this was not the case. The 
liger, as with the tigon, shares characteristics 


When lions and tigers mate, 
new species are born 


from both parent species - ligers enjoy 
swimming for example, a trait which is 
associated with tigers, however they also have 
spots, a characteristic gene ofthe lion-and 
tend to be bigger due to imprinted genes. 
Indeed, the currentlargest liger in the world 
weighs over 400 kilogramsand is twice the 
size ofits parents. Interestingly, though, tigons 
tend to suffer from dwarfism rather than 
gigantismas they always inherit the growth- 
inhibitorygenes from the lioness mother, often 
weighing only around 200 kilograms. 

Unfortunately, due to the hybrid man-made 
nature ofligersand tigons, growth disorders 
and degenerative diseases are common, as 
wellas shortened life spans. 


Why can mammals go to sleep 
for months on end? 


While birds and winged creatures can fly to 
warmer climes to escape cold and fruitless 
winters, many mammals entera deep sleep to 
survive. Thisstate is called hibernation and, 
depending on the animal, it can last betweena few days, 
weeks, oreven months. 

In preparation for truehibernation, the animal must 
makea cosy burrow in which to sleep, and eat lots of food to 
store upas fat. Some animals can survive the whole winter 
onlittle orno foodas the animal's heartrateand body 
temperature decrease, which means they use very little 
energy during hibernation. 

Hibernating mammalsalso have two types of fat: regular 
white fat, which is used for storing energy and insulating the 
body, anda special brown fat that isn’t burned for energy. 
This brown fat is most important to hibernation because it 
forms around the organsthat need it most - the brain, heart 
and lungs ~and generates heat to keep the animal alive. 


Ligers can growto 


twice the size of 


inganimalsalso 
tate of hibernation in order 


entera 


Amazing animals 


meh 


How flying squirrels glide 


f 


Is ita bird? Isita plane? No, it’s a squirrel 


Many arboreal (tree-dwelling) 
animals have developed wing-like 
extensions called patagia, whichare 
elasticmembranesstretched 

= between theirlimbs or toes. These 
flaps of skin are ideal for helping them to glide 
through theair either to evade predators or to catch 
their own prey. 

‘The southern flying squirrel isa nocturnal rodent 
capable oftakingto theairand gliding from tree to 
tree inasingle leap. The length ofasingle flight 
depends on the height at which the squirrel 
launches, but some can reach distances of up to 50 
metres (165 feet). This form of glidingis known 
asvolplaning. 

Flyingsquirrelsare found in North America and 
northern Europe, living innests ornatural cavities 
high in the trees. When down on the ground, 
however, they'rea vulnerable target. 

Flyingsquirrelsare omnivorousand feast ona 
wide range of different food from nuts, fruitand 
fungi tomany insects, bird eggsandeven carrion 
from time to time. @ 


The statistics... 


Southam flying 
squirrel 


Binomial name: 

Glaucomys volans 
lammal 

Di 


Average life span 
in the wild: 5 years, 


Weight: 159-2kg (0.5: 
Size: 10-90em (4-35: 
im (65 Ft) 


Omnivore 


Borntofly 


We break down the squirrels fight path from 
takeoff to landing 


Patagia Control Braking Landing 
3B Once the rodent gains The flyingsquirrelcan  Duringthedescent,the _ Finally, asit comesin to 
Ge Stretch altitude, it spreads its dictate the direction in creature flexesitsentire  land-typicallyon 
After pushing off, the limbstorevealagliding  whichitfliesbysteering  bodyandtailupwards. another tree trunk-the 
Launch squirrel gains heightand membrane (the with itslegs, which it Doing this enables the squirrel moves its body 
The flying squirrel leaps momentum. Itthen patagium)connectedto —doesbyflatteningitstail squirrel to changeits intoa vertical position by 
out froma tree with its stretches its armsand the wrist and ankle on and stiffening the angle of attack atthe last swinging its hind legs 
body tilted up andits legsoutinfronttohelp _eitherside, Theseflaps —_—_patagia,thetwoofwhich momentbyslowingits downand forward ready 
armsand legs propelitforwardswhile _fillwithair, likea alsoactlikeanairfoilto _ speed through the air, to grasp tightly on to the 
outstretched. it falls back down, parachute, tocreatedrag. generate lift. adjusting tothetarget. _newtree. 
The colugo’s gliding Whi h th 1 lick ? 
oe atc coluza sdiging ich other animals can glide? 
itsneckall the way down | Colugo Paradise tree snake Flying frog Draco lizard 
N toitstoesandtail | ‘Though often called Thisreptilecanlaunch —Thisarboreal species _One of thegreatest 


166 


the flying lemur, it’s itselfintotheairfroma has giantwebbed feet 


actuallyaspecies ofits heightandflatten its _thatact like four 
own. Aboutthesizeofa bodyintoa ribbon airfoils. Flying frogs 
squirrel, but witha shapewithaconcave can be verynimblein 


bat-like look, the 
colugo has the largest 


underside that acts like 
an airfoil. It still moves 


flight, capable of 
banking from sideto 


patagiaofallgliders. © intheairinan's’shape. side like an aeroplane. 
Length of glide: Length of glide: Length of glide: 
Up to 70m (230ft) Up to 100m (330ft) Up to15m (Soft) 


gliders. Sometimes 
called flying dragons 
due to theirairborne 
antics, the Draco lizard 
hasa large semicircular 
wing-like flap attached 
to either side of its ribs. 
Length of glide: 

Up to 9m (3oft) 


Why camels have the hump 


How do these ‘ships of the desert’ adapt to life in extreme climates? 


Camels are expertsat 
living in places where 
food and water are 
relatively scarce. The 
reason that they can 
surviveinsucharid tervainis their 
amazing ability to conserve the water 
they do take on so that they can draw 
uponitlater when needed. Whena 
dehydrated camel findsa water 
source, itcan lap up as muchas120 
litres (32 gallons) in15 minutes. To 
conserve the lifesaving H20, camels 
can regulate their body temperature 
so that they hardly sweat atall. Their 
kidneyscan concentrate the urine to 
further reduce water loss. 
Notonly this but these creatures 
also store a lot of water in their blood; 
the erythrocytes(red blood cells) can 


Why are kangaroos expert jumpers? 


swell to overtwice their normal size 
without bursting. Thanks to this 
tailored physiology, camels can go for 
weeks with little to no food or water 
without suffering adverse effects. 

However, whensustenanceisin 
seriously short supply, they make use 
ofasecret energy stash on their backs. 
The camel'shump does not store 
water; it functions asa reserve of 
adipose tissue (fat cells) that can be 
metabolised in order to provide 
emergency energy to the camel. As the 
fatis depleted, the hump will begin to 
wiltand flopto oneside. 

‘These fatty humpsare great for 
keeping cool too because fat conducts 
the Sun’s heat relatively slowly, and 
the camel's woolly covering provides it 
with some extra insulation. @ 


Native to the 
African Sahara, 
dromedaries only 
have one hump 


Discover why this antipodean animal is a naturalborn long jumper 


Ina huge country such 
as Australia, the 
ability to cross vast 
distances in search of 
food and water is key 

tosurvival. And one such animal that, 

can traverse barren landsat high 
speed for hours is the kangaroo. 
Capable ofan eight-metre (25-foot) 
single boundacross level ground, the 
red kangaroo is one of the world’s 
greatestlong jumpers. Thanks to large 
feet andstrong legs, it canalso travel at 
over 50 kilometres (30 miles) per hour. 

Whilea kangaroo’s hind legs are big 

and powerful, however, they can't 


work independently of each other and 
so kangaroos have to hop on two feet 
unless they wantto try crawling. 

The hind leg tendonsare strongand 
elasticand, with every hop, elastic 
energy is recaptured in the tendons 
ready for the next jump. 

To help the bounce, kangaroos use 
their tailsasa counterbalance. It 
propels theanimal inasimilarway to 
using your legs ona swing to gain 
momentum, When the kangaroo’s 


back legsare fully outstretched behind 


it the tail is in the downward position, 
and when the legs are pushing 
forwards the tail is high in the air. @ 


Who can leap the farthest? 


Bushbaby 
Cottontail 
rabbit 


Kangaroo 


Rocket 
frog 


Mike Powell 
(long jumper) 


Snow leopard 


g--RE 


om 


5m 


10m 15m 


Tail 
The long tail- up to1m (33ft) 
~is used for both balance 


Why is this Australian marsupial so 
goodat the long jump? 
© 


and asacounterweight. It » 
swings up as the animal ye 
leaves the ground and 
downasthe legs 
swing back with eo) 
every bounce to & =) 
help propel ™ 4 
the kangaroo. “* Forearms 
\ Though the 
‘ forearmsare 
“gy muchshorter 
than the hind 
3 legs, a kangaroo 
can walk (not hop) onall 
Pouch foursifit leansforward 
Kangaroos give birth and usesits tailasa fifth 
totiny joeys that must leg to take some weight. 
continue to grow 
entieeenes The statistics 
after birth. 
df Hind legs 
Feet. a Strong tendons act 


Akangaroo's big toes are 
in the centre of the other 
toes (not to one side like 
ours) inline with their leg 
bones, enabling them to 
push off with force. 


like tight springs that 
store and release 
energy. On landing, 
the spring compresses 
to store energy ready 
for thenext hop. 
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‘OTHinkstock 


Throat — 
Airpassesinto the bird VY 
normally through the 
trachea during flight. 
Lungs 
The oxygen- 
richairisthen 
processed by 
thelungs, Due 
Forward tothe factthey 
air sacs donotrequirea 
‘Once theoxygen has diaphragmin 
been processed by the orderto pump 
lungs, thestaleairenters air, thismeans 
the forwardairsacsand thattheyhavea 
isthen exhaled through fixed, constant 
thetrachea. flow offreshair 
toprocess. 
Rear air sacs 


‘The gathered oxygen-rich air then 
enters the bird's rearairsacs, which 
in-turnactas bellows, filteringthe 
airintothe lungs. 


Forced to evolve due to an exceedingly high metabolic 
rate and oxygen demand, birds sport an efficient and 


refined respiratory system 


Birds breathe by partneringa 
pairoflungswithouta 
diaphragm with asystem of 
internal airsacs that actas 

bellows. The reason for thisis due to the 

bird’s high metabolicrateand oxygen 
demand when flying, constantly needinga 
stream of oxygen-rich air to processin order 
toremainactive. 

Thiswould not be possible with the 
bi-directional lungs of mammals because 
oxygen-rich air is mixed with oxygen- 
deficientstaleair during the breathing 
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process, reducing the amount of oxygen that 
can be processed in the lungs at any one time. 

However, with the unidirectional flow that 
ismade possible by separating the pump part 
ofthe breathing process (the sacs) with the 
absorption part (the lungs), a constant 
oxygen-rich stream can be maintained. Avian 
lungs do not process oxygen withalveolias 
mammal lungs do, butabsorb it through 
honeycombed-structured passages referred 
toasparabronchiinto air vesicles, which 
themselves contain oxygen/carbon dioxide 
trading capillaries. 


trantsportingblood downtth 


fact wrapped inaort iS 


Home sweet home 
Abeaver's lodge, often found in the 
middle ofa pond, isaccessible only by 
water. These dwellingsare hometo 


Standing tall 
‘Theaverageheight ofa beaver 
lodge reaches up tosixieet tall, 
withanaverage depth of water 
behind the dam offourtosix feet. 
This makesita great place to look 


extended families. outfor predators, and keepsita 
safe distance from shore, 
Safe depths 
We explore how these Winterseaonsare 
aquatic mammals design Etatures tsswpthehazara 


and construct their habitats 


Food fuel 
Beaversare among the largest rodents on. 
Earth. They liveon aherbivore diet, 
eating leaves, bark, twigs, rootsand 
aquaticplants. 


ofice blocking the dam 
entranceat this time ofyear, 
beavers willsubmergeits 
foundations three feet beneath 
surfacelevel. 


ai ms 


Made to last 

‘The thickness of the dam can measure up 
tofive eet or more. The length depends on the 
width of the habitablestream, averaging 
asfeet. Thismakes fora very sturdy homein 
allweather conditions. 


Rodent renovation 
Renovation isthenameofa 
beaver's game. Apart from 
building dams, they can 
gnawat treesand felling. 
creating large logand 
branch obstructions that 
turn fields and forestsinto 
largepondsin which they 
can build their habitat. 


Beavers are aquaticmammals witha 
keen affection for engineering, 
demonstrated in the construction of 
theirartificialdam habitat. This 
ingenuity is one of nature's greatest wonders, and 


has been happening for well over 1omillion years. 


Fundamentally, the building ofa dam suits the 
natural instinct of this species. The beaver isan 


adapted swimmer butitis fairly immobile upon 
land. This weakness makes it susceptible to larger 
predators suchas the bear. 
Theirstrongaquaticskills make deep water 
habitats far more secure. Skilled teams of 
constructor beavers, usually working in pairs, can 
builda dam ina matter ofdays. Thedam itselfis 
constructed from an eclectic mix ofnatural 


materials, including rocks, wet grass, wood and mud 
to build the superstructure. A minimum level of 
three feet is required to keep the dam's underwater 
entrance from freezing over in winter. A beaver's 
dam will vary inconstructand design, dependent 
on waterspeedsin the river. Ifthe dam isstraight, 
then the water currentis slow, Ifit’s curved, the 
water current is fast moving. 


We reveal how Chiroptera’s 
supersonic hearing happens 


Contrary to belief, bats (Chiroptera) do 
demonstrate an acute sense of vision, 
however this is accommodated during 

daylight conditions. When night falls, these 
smallmammalsare more inclined to use their heightened 
sense of hearing when hunting prey and manoeuvring 
around habitats, never being ata disadvantage. Thisis 
complemented by their incredible biological sonar 
navigation system. 

Buthow does this work? Well, bats are inclined toemit 
ultrasonicsounds, witha frequency of between 50,000 
and 200,000 vibrations per second, too high-pitched for 
human ears to comprehend. 

These soundare emitted 20 to 30 times each second in 
all directions, with the bat listening between pulses, 
scanning for echoes with its headin perpetual motion. 
Bats separately perceiveand process overlapping echo 
delays, arrivingas|ittleastwo microseconds apart, that's 
an impressive two thousandths ofa second. The bat’s own 
nervous system supports this fined-tuned capability, 
allowing Chiroptera to identify echo-reflecting points on 
an object the width ofa pen line on paper, or objectsas 
close together as three-tenths ofa millimetre. 


Emitting sound Timing and direction 
Bats emit ultrasonic The batthen registers distance 
sounds20 to30 times and locationof prey through the 
each second, listening timing and direction ofthe 
between pulsesforechoes. —_returningsoundwaves. 


Moving prey Sourcing insects 
Thebatrealisesmovingprey —_ Echoes from preysuchas mosquitoes, 
throughdelayedsoundanda —_mothsand butterflies reveal fluctuations, 
slightlylowerorhigherpitch, —_ whicharecaused by the flutter of their 
dueto the Doppleretfect. ‘wings, easily recognised by the bat. 


Translating echo 

The time between sendingoutacry and 
then receivingaresponse istranslated by 
the batinto distance, between itselfand 
whatever objectis in the vicinity. 


Stationary prey 
Stationary objectsare instantiy 
recognisable, as these yield an 
echo thatisa replica of the pulse 
‘sentoutby the bat. 
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Ayellow-winged darter 
dragonfly, commonly found 
innorthern China 


part ofthe body 
helpstoincrease 
powerandsp 


Wings 

Intricately 

membr 
tobewarmed 

up before flight. 


Dragonflies 


One of the world’s largest and most exotic insects 


Eyes 

Large, bulging 
compoundey 

canview up to 

360 degrees. 


Legs 

Six bristlefovered legs 
help the dragonflyto 
catch its prey 


Similar to but typically much larger 
thandamselflies, dragonflies arelarge, 
agileinsects that undertakea valuable 
rolein the Earth's ecosystems, eating 
mosquitoesand othersmaller insects. Their powerful 
flightabilities stem from their streamlined abdomen 
and dual sets of intricately veined, membranewings, 
which allow them to fly atspeeds upto 6omph. 
Dragonfly wingspans range from one-inch uptosix 
inches. Their agility also stems from large bulging 
compound eyes, which on some of the larger species 


Unfortunately, this high performance comesata 
cost - dragonfly muscles need to be warm in order to 
function properly. Therefore, for dragonfly wings to 
function optimally, the insect has to engage ina 
series of stationary wing-whirring exercisesand 
elongated periods of basking in theSun to generate 
the requisite heat before taking off. However, when 
in flight, the large, warm and toned muscles deliver 
the dragonfly complete six-way propulsion, allowing 
itto move from astationary/hovering position 
directly upwards, downwards, forwards, 


Young dragonflies are called larvae and are 
aquatic rather than aerial predators. At this stage of 
their lifespan, they don’t possess any wings but 
sporta formidable anatomical structure not present 
inadults called the ‘mask’. The mask isa 
disproportionately large structure, to whicha set of 
larger fangs is attached. When not in use, the mask is 
concealed under the larvae’s thorax, extended to 
capture prey such as tadpoles and aquatic worms. 
Larvaetransform into full-grown dragonflies 
through a seriesof moultings, the final one leavinga 


grantthemalmost360-degree vision. 


Member of the Lepidoptera 
family, butterfliesare 
insects thatachieve four 
J lifestages before turning 

intoall manner of beautiful specimens, 
including Hesperiidae, Papilionidae 
and Nymphalidae. Thisamazing 
journey sees Lepidoptera begin lifeasa 
plain egg that hatches intoa larva, or 
caterpillar, after a period ofsix days. 

The caterpillarisan eating machine, 
consuming constantly for up to four 
weeks until pupation. Itsanatomy 
makes itadeptat consumingall types 
ofplant matter. Using itsthree pairs of 
true legs and five pairs of ‘prolegs’- 
sucker-like structures with cleverlittle 
hooks on the end ~itgripsleavesand 
plantstems, munching away with 
powerful mandibles. The caterpillar 
hasanastonishing 4,000 musclesto 
compliment these feeding habits anda 
long gut tract to quickly digest food. 
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backwards and left to right. 


distinctive exuvia (cast skin) behind. 


We explore how Lepidoptera Bethel 
metamorphosis takes shape areverysmalland 


This feasting fuels their growth, and 
acaterpillar will shed its husk several 
times, becoming stronger and larger 
each time. At this stage larvae begin to 
secrete signature hormones, which 
instigate the need to produce a 
protective silk cocoon - knownas 
pupae or chrysalides—and initiate the 
metamorphicstage. They achieve this 
by usingtheir modified set of salivary 
glands, called spinnerets. This cocoon 
may take the form of a smalll hollow in 
the earth lined with silk, ora roll of 
leaves, camouflaged to deter predators. 


What really goes on inside cocoons is 


fascinating. Larvaanatomy and organs 
rapidly dissolve and re-form intonew 
tissue, limbs and wings of the adult 
butterfly. Some species take no more 
than two weeks - others whole winters 
~butall emergeas butterflies. Bloodis 
pumpedinto the insect wings, making 
them expandableand ready to fly. 


cylindrical inshape. 
Females lay theireggson 
ornearthe plants that 
willaterbecome larva 


Beautiful butterfly _—— > 
Emergingbutterfliesrangein size; 
from1/8 ofan inch uptox2inches, 


and can fly at speedsup to12 miles fond supply. 
perhour. Thereare24,000 . 
catalogued species of butterfly. 
54 
Hungry 
caterpillar 


Chrysalides 
Insidethechrysalides, 
larvae go through dramatic 
biologicalchanges. Just 
before theadult butterfly 
hatches, the pupaskin 
becomes transparentand the 
wing pattern is visible inside. 


Thecaterpillar, crlarva, 
consumes hugeamounts 
ofplantmatterwith 
powerful mandibles 

~~ beforesecreting the 
‘signalhormonesthatset 
the metamorphic stage 
inmotion. 


Ladybirds explained 


The red-caped heroes of the insect world, ladybirds save the day 
for gardeners and farmers everywhere 


Coccinellids, more commonly 
knownas ladybirds, or 
ladybugs in North America, 
are members of the beetle 
family. Therearemore than fouranda 
half thousand different species of 
ladybirds throughout the world living in 
warm and temperate regions. Though 
they vary widelyin size and colouration, 
most ofus know themas small red 
beetleswith distinctive black spots, a 
friend of farmersand gardeners. 

Likeall beetles, ladybirds go througha 
huge metamorphosis on their way to 
adulthood. Ladybird eggs hatch into 
larvae, which oddly look abit like tiny 
black-and-yellowalligators. These larvae 
growand moult, going through several 


Abdomen and thorax 
Thisareacontainsthe 
ladybird's digestiveand 
reproductive organsandis 
where both setsofwingsattach, 


The ladybird’s legs are used forwalking but 
also in defence -the jointscan exudeatoxic 
liquidif the beetle is attacked. 


instars, or developmental phases, overa 
period oftwo to three weeks before 
finally pupating into adults. 

Ladybirds feature aposematic or 
‘warning’ colouration that gives 
potential predators advanced warning of 
their badtaste, and when threatened, 
they can exudea toxicand foul-smelling 
alkaloid liquid from their joints. Inspite 
oftheir excellent defence system, 
ladybirds are not without enemies; 
parasiticwaspsand flies occasionally 
attack them and some ladybirds fall 
victim to intrepid spiders and toads too. 

Many native ladybird speciesare 
under threat from another ladybird 
species -the Asian or harlequin ladybird 
(harmonia axyridis). These invadersare 


r 
Ladybirdsare built bit like tiny 
tanks, The pronotum protectsand 
hides the headareawhilethe 
elytra shields the body. 


generalist feeders and can out-compete 
resident ladybirds in their native range. 
They ‘realso somewhat Infamous for 
attempting to hibernate inside human 
dwellings where they may swarm, stain 
fabricand even cause allergicreactions. 

Currently one-fifth of indigenous 
British ladybird speciesare on the 
decline. Inaddition to competition with 
the aforementionedAsian ladybird, 
climate change andaltered land use 
patterns are likely contributors. 

Notall the newsis bleak however - 
afew native ladybirdsare expanding 
their range, and onespecies-the 13- 
spot ladybird - previously thought to 
beextincthas recently been found 
in Cornwall and Devon. 


Although we're most familiar with the jaunty 
appearance ofred-and-black ladybirds, these 
beetles come in many other colours i 


yellow, orangeand blue. The bri 


and spots forwhich ladybirds 
asa warning to would-be p1 

away. Contrary to the popular: 
cannot tell a ladybird’sage by itsm 
spots, norarespots an infallible 
distinguish between species. 


Iv 


They may be small but are these minibeasts 
really the toughest creatures on the planet? 


Tardigrade 


Legs Mouthparts Moulting 
" ” ‘ey ee Alltardigrades Tardigradeshaveacircularmouththat — Somespecieson}} 

Tardigradesare tiny highas151°C, and doses ofradiation have, eight legs. pivienonie pies Most feed on plants. pcre her 

aquaticinvertebrates, _thatwould illusathousandtimes. —Theirmamemeans st rai shed theirskin, 

knownas water bears ‘They achieve this by dehydrating _‘slowwalker’ ve leaving the faeces 

fortheirslowgait.The _theirbodieswithasugar called a behind inside the 

largest species is 15 millimetres trehalose, which actsas scaffolding ) ; ald skin. 
long, thesmallestareunderoamm. —_ protectingcellcontents. Theirwater Cell count 

Despite theirsquishyandvulnerable content dropsto one percent of Tardigrstesare Senses 

eutelic, which Somespecies 

appearance, theyare virtually normalinthisstateand metabolism jeans that a havevery 

indestructible. Lab experiments slows by 99.99 per cent. Ice can't individuals f simple, 

have shown that they can survive formina bodythisdryand chemical _ofthesame non-image- 

pressures of 6,000 atmospheres, reactions that might harm them speciesall formingeyes, 

temperatures as low as-272°C oras occur too slowly to bea danger. brace tl Pe bing 


Slugs and snail 


Shell 

Made of calcium carbonate, a snail's 
strongshell will remain soiiftheanimal’s 
diet contains enough calcium. 


Stomach 
Thissection of the digestive tract 
receives food to be digested. 


Kidney 

During digestion, harmful 
side-products can accumulateand 
poison thesnail. The kidney can 
expel thispoison. 


Mantle 

Coveringthe body isalayercalled 
themantle, which cansecretea 
shell in snails but notin slugs. 


Foot Heart 
‘Thisconsists mainly 
ofmuscletissue that 
contractsand 
expandsenabling 

thesnail to mor 


Lung 

Notall snails have lungs but those that 

do havea singlecavity containinga network 
of blood vesselsthat functions likea lung. 


Liver 


The gardener’s least favourite visitors, 
slugs and snails are incredible slime balls 


Anus 


The intestine opens outside near the 
anus Asthesnail crawlsaway it leaves 


Respiratory pore 
Also calledapneumosiome, this 
breathing pore isanopening 


behinda dark trail of faeces. through whichairisbreathed 
intothelung. 
crop Tentacle 


Thecropisasackwhere 
food pulp isstored before 
headingtothestomach. 
Digestive fluidsare 
produced by the main 


Snails have one or two sets of 
retractable tentacles projecting 
from the top of the head 
dependingon thespecies. 


gland or hepatopancreas. Eye 
Iftherearetwo 

Salivary gland tentacles, the 
Found ald cal ‘shorter front setwill 
thesalivary gland secretes esessiie to toes 

to aid digestion. and thelonger set 
eee ae behind will beareyes. 


Cerebral 
ganglia 


meg 


Dart sac Vagina Penis Genital pore Mouth 
Mucous gland Somelandsnailsshoota Femalereproductive Malereproductiveorganis  Foundat thesideof the ‘Themouth features 
‘The mucous gland in the footsecretes mucus-covered ‘dart’ into organlocated on located internally when not head, thisopeningallows a jawandaroughribbonlike 
thick, stickyslime tohelp thesnail mates,deliveringasubstance —theventralsurface -inuseandisfoundonthe —_—copulationandexchange _tonguecalled theradula for 
traversetrickygroundwithoutinjury. __thatimprovesspermsurvival. _ ofthe foot. ventral face ofthe foot. ofsperm. grazingon plants. 
Although they look very while adultsnails have coiled shells canliveondryland,andbreatheusing —_ each otheruntil spermis exchanged 
different, slugs, snails, big enough to withdraw into. eitherlungs, gills orboth. via their disproportionately large 
‘octopuses, oystersand Slugsandsnails belong tothe large Gastropodsare hermaphroditic, genitals, Another peculiar trait is 


cuttlefish areall molluses 
Latin for ‘thin shelled’~and either 
havea calcium-carbonateexternal 
shell, asmall shell underthe surface, 
ornoshellatall. Slugsareshell-less 
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group of molluscs called gastropods 
and make their home in a variety of 
locations from back gardens tooceans 
and everywhere in-between. They are 
unique, being the only molluscs that 


which means they have both male and 
female reproductive organs, and can 
mate with themselves if no partneris 
available, Duringan elaborate mating 
ritual slugs entwineand stimulate 


apophallation, whereby one slug 
chews off the other'spenisafter 
mating, The apophallated slug 
may now only reproduce usingiits 
female genitalia. 


very important insects in an ecosystem. By 
consuming wooden structures and plant life 
they help convert dead trees into organic 
matter to trigger new life. However, this can 
cause problems, as they can eat through 
structural supports in buildings, eventually 
Jeadingto their collapse. 

Termites have evolved to eat wood largely 
because few other animals can; they carrya 
special bacteria that enables them to digest 
the tough cellulose fibres. This innate 
survival mechanism means termite colonies 
can be around fora very long time indeed, 
some last up to 100 years. A termite mound 
(or termitarium) will reach its maximum size 
after four to five years, when it can be home 
toas many as 200,000 inhabitants. @ 


Some termite mounds can 
reachastallasom (oft) 


* 2 
Here you can see whythe termite’s closest 
relative is thoughtto be thecockroach 


earthen mounds; allare 
knownastermitaria, 


Structure 

Insidea termite colony is 
anarray of chambersand 
passages constructed by 
thelittleinsectsthatallow 
air,andwithitheat, to 
circulate throughout the 
moundandout thetop. 


‘©Science Photo Library 


Scorpions ' 


The mascot of choice for international supervillains, 
these sinister stingers are also fearsome hunters 


Af@hing its tall over 
its back, the 
Scorpion delivers 


itsdeadly venom 


Scorpions are arachnids, like 
spiders. However, whereas 
spiders aremainly ambush 
predators, scorpions go looking 
for theirlunch. Scorpions have 

between two and ten eyes, depending on the 

species, but theireyesightis poor and most 
scorpions are nocturnal anyway. 

Instead they rely on vibration-sensitive legs, 
and hairs on their body that can detect the 
lightesttouch or air current. A desert scorpion 
can feelthe vibrations caused by the footsteps of 
awalking insect froma metre away. By 
comparing the time it takes the surface vibration 
toreach each leg, the scorpion can triangulate 
the position of itstarget. When it is close enough, 
the scorpion makesa briefdash to snatch its prey 
in powerful pincers, These claws, or chelae, are 


Finding scorpions 
Scorpions haveavery wide 
distribution and are found o 


every continentapart from 
Antarctica. The dark zone on 
the map represents the 
greatest scorpiondiversity 
buttheycan be foundas far 
northas Kent in the UK andas 
farsouth as New Zealand, 
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nottrue legs butare instead modified feelers. 
With the victim firmly grasped inits clutches, the 
scorpion arches its tail over its back to injecta 
powerful venom that incapacitates its meal 
within seconds. 

Scorpions can’t eat solid food directly, so they 
feed ina two-stage process. First they tear off 
small pieces with claw-like mouthparts, called 
chelicerae. These morsels areplaced ina small 
cavity under the mouth and digestive juicesare 
squirted up from the gut like ketchup. After the 
enzymes have liquidised the food, it can be 
slurped down into the stomach. Scorpions can 
eat several times their body weightatasingle 
sitting andstore this away forleaner times. They 


have very slow metabolismsandmanyspecies Cephalic ganglion 

I'snot complex enough to callita brain but 
this bundle of nervescontrolsall the 
actions ofthescorpion. 


live for over ten years. Ifnecessary they can 
manage with just one or two mealsa year. 


Claw muscle 

The bulgein the claw contains 
alarge bundle of muscle fibres 
toallowapowerful crushing 
andslicing grip. 


ThinkStock 


Claw 

The outer half of theclawis 
fixed and called the tarsus. The 
inner, movable, section is 
called themanus. Callectively, 
thepinceriscalledachela. 


| pees 


FLT 
Rees 


Telson 
Thestingortelsonisa hollow 
needle thatinjects the 
‘venom. The two poison 
glandscanadjust the dose 

E accordingto the size of prey. 


Only 25species have Venom: 
capable ofkillingahuman 57 
ese 


Mesosoma 
‘Thisisalso sometimes called the ‘This corresponds roughly with the 3 
cephalothorax, as with spiders, and itis abdomen ofan insect orspider. The Intestine 
a fused head and body segment that digestiveandreproductive organs Scorpionsdomostoftheir 


digestion externally and 
havequiteasimple 
digestive tract. 


holdsthesensory organsand the legs. arecontained here. 


Book lung 
Dorsal blood vessel Foursimple folded structures 
‘Thisalso functionsasa primitive on segments three toseven 
heart, sloshing blood between the ‘ofthe mesosoma supply 
lungsandthe bodilyextremities. ‘oxygen tothe blood. 


Adeadlyand 
brightcreature 


Metasoma 
Thetail ismade from 
thelast sixsegmentsof 
the body. Theanus 
opensat the end, just 
before thesting 


ie 
Scorpions 
Type: Arachnid 
Diet: Carnivore 


Average life span in the wild: 


4-25 years 
Weight: 4-609 
Size: 12mm20em 


its prey. 


Thinkstock 


Scorpionsare fast, strong 
andarmoured, but they 
aren‘tinvulnerableand 
relying on sheer brute 
strength when youare 
tackling preyalmostaslarge 
asyou isalwaysrisky. To tilt 
thescales in their favour, all 
scorpions areequipped with 
fast-acting venom whichis 
delivered througha curved, 
hollow barb located onthe 
endoftheirtail. 

Scorpion venom isa 
cocktail of hundreds of 
different neurotoxins and 
enzyme inhibitors. This 
broad spectrum of 
chemicalsallows the 
scorpion to target several 
different biological systems 
at once; some compounds 
paralyse muscles, others 
cause cell damage. 
Scorpions have also evolved 
different toxins to target 
different animals. For 
example, insect and 
mammal nervoussystems 
work in quite different 
ways, and bycombiningall 
these chemicals intoa 
single venom, scorpions 
have createda silver bullet 
that can take down almost 
anything. Despite this, our 
sheer size is our biggest 
defence and only 25 
species of scorpion are 
deadly to humans. 
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